
NASA
Reference
Publication

1330

March 1994

National Aeronautics and

Space Administration

LSENS, A General Chemical

Kinetics and Sensitivity

Analysis Code for
Homogeneous Gas-Phase
Reactions

III. Illustrative Test Problems

David A. Bittker

and Krishnan Radhakrishnan



NASA
Reference

Publication
1330

1994

National Aeronautics and

Space Administration

Office of Management

Scientific and Technical

Information Program

LSENS, A General Chemical

Kinetics and Sensitivity

Analysis Code for

Homogeneous Gas-Phase
Reactions

III. Illustrative Test Problems

David A. Bittker

Lewis Research Center

Cleveland, Ohio

Krislman Radhakrishnan

NYMA, Inc.

Lewis Research Center Group

Brook Park, Ohio



Preface

LSENS, the Lewis General Chemical Kinetics and Sensitivity Analysis Code, has been

developed for homogeneous, gas-phase chemical kinetics computations and contains

sensitivity analysis for a variety of problems, including nonisothermal situations. The code
is described in a series of three reference publications, which also provide a detailed guide

to its use and many illustrative test problems.
LSENS has been designed for accuracy, efficiency, flexibility, and convenience. A variety

of chemical reaction models can be considered: static system; steady, one-dimensional,

inviscid flow; reaction behind an incident shock wave, including boundary layer correction;

and perfectly stirred (highly backmixed) reactor. In addition, the chemical equilibrium state

can be computed for the assigned states of temperature and pressure, enthalpy and pressure,
temperature and volume, and internal energy and volume. Any reaction problem can be
adiabatic, have an assigned heat transfer profile, or for static and flow problems, have an

assigned-temperature profile. For static problems either the density is constant or the

pressure-versus-time profile is assigned. For flow problems either the pressure or area can
be assigned as a function of time or distance. For a static reaction sensitivity coefficients of

the dependent variables and their temporal derivatives with respect to the initial values of the
dependent variables and/or the three rate coefficient parameters of the chemical reactions can
be obtained.

LSENS checks the legality and sufficiency of all input. At the user' s option LSENS checks

the reaction mechanism for uniqueness and ensures that each reaction satisfies charge and
atom balance requirements.

Part I of the series (NASA RP-1328), consisting of chapters 1 to 7, presents the theory and
the numerical solution procedures used in LSENS. The ordinary differential equations

(ODE' s) describing chemical kinetics problems are derived in chapter 2. Chapter 3 describes
the numerical integration method and how it is implemented. In chapter 4 the governing

ODE' s for sensitivity analysis are derived and the solution method and numerical algorithm

explained. The governing equations and solution methods for the chemical equilibrium state,
equilibrium and frozen thermodynamic states behind an incident shock wave, and perfectly

stirred reactor problems are presented in chapters 5 to 7.
Part II of the series (NASA RP-1329), consisting of chapters 8 to 13 and appendixes A to

C, describes LSENS, its usage, and how to modify it. Chapter 8 describes the computational

capabilities and convenience features built into the code. Chapter 9 presents its structure and

description. Chapter I0 lists modifications that may be required to implement LSENS on the
user's computer system. Chapter I 1 provides a guide to code usage and describes how to

prepare the input data files required to execute LSENS. The output information generated by
the code is discussed in chapter 12. Example problems illustrating both problem data file

construction and code usage are given in chapter 13. These examples supplement chapter 11
by providing additional guidance on preparation of the problem data file.
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Preface

The partial derivatives required by the numerical solution procedures detailed in chapters

3, 4, and 7 are derived in appendix A. Appendix B shows how to access the system clock for

several common computing systems so that execution times can be measured. Appendix C

describes the modifications required to change the built-in values for various quantities.

This volume, part 11I of the series (appendixes D and E), explains the example problems

provided with LSENS and presents sample results. Appendix D describes the kinetics test

cases. These problems illustrate the various reaction models that can be solved by, and

options built into, LSENS. Appendix E describes the kinetics-plus-sensitivity-analysis test

cases supplied with the code. The examples in the two appendixes cover a variety of problem

types and so should serve as useful models for the structure of the problem data file required

to execute the code. Indeed, it is likely that the desired file can be produced by modifying one

of the test cases.

Details regarding code availability and procurement can be obtained from COSMIC,

328 East Broad Street, University of Georgia, Athens, GA 30602 (Telephone: 706-542-3265).
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Appendix D

Kinetics Test Cases

In this appendix we describe 16 kinetics-only (i.e., no sen-

sitivity analysis) test cases that are provided with the code.
These cases were chosen to illustrate both the problem types
that can be solved by LSENS and the options built into it.

Therefore users can find among them a model problem that

can be easily modified to suit their needs. In order to demon-
strate the various options for the ACTION switch, all cases

were set up in a single data file, which is listed in table D. 1.
We now describe each problem in some detail, including the
source of the chemical mechanism used.

Description of Test Cases

Case I

The first case illustrates the shock-wave-initiated adiabatic

decomposition of pure bromine. It shows the use of the
shock kinetics option and the boundary layer correction for

area given by Mirels (refs. 1 to 3). The variable SHOCK is
set to TRUE in namelist PROB and the boundary layer pa-

rameters LSUBM and ETA are also given. The values of

pressure, Mach number, and temperature in namelist START
are the incident shock conditions. The inert species xenon is

listed on the line following the blank line that signals the end
of the reaction-list. The composition of the initial

(unshocked) gas mixture is given as mole fractions following
namelist START, and the list is ended with an END line. The

rate expression used for the decomposition reaction was mea-
sured by Warshay (ref. 4). The namelist SOLVER, which
lists the error control parameters EMAX and ATOLSP, is at

the end of the data, just before the FINIS card, which ends
the case.

Case 2

Test case 2 is a stoichiometric hydrogen-air ignition in

supersonic flow through a constant-area duct with heat trans-
fer from the system computed as a linear function of tem-

perature. For this and all other completely new cases the
word NEW appears on the ACTION line after the rifle. The

hydrogen-oxygen reaction mechanism is that of Brabbs and
Musiak (ref. 5), and the nitrogen-oxygen-hydrogen reactions
are from Brabbs et al. (ref. 6). Namelist PROB contains the

area profile information (the constant area CX0), the heat

transfer equation coefficients HT0 and HT1, and the list of
print stations (in centimeters) in the array PRINT. Initial

composition is given by the special input, which specifies
fuel name and stoichiometry plus equivalence ratio for the
fuel-standard air mixture in namelist START. The fuel name,

H2, appears in columns 41 and 42 of the integration and as-
signed variables, units, and fuel name line. Because the stan-

dard air contains small percentages of nonreacting carbon di-
oxide and argon, these species are listed as inert species after
the reaction list.

Case 3

This third case is the same problem as case 2 and illus-

trates the use of the CHANGE and ADD options of the

ACTION switch. We have temporarily changed the pre-

exponential factor for the reaction 2HO2 -- H202 + 02 and
added the reaction of an oxygen atom with H202 to the
mechanism to test the effect of these changes on the com-

puted results. Both the CHANGE and ADD lists end with a
blank line. The word REPEAT should not be used after the

ADD list because LSENS automatically uses the rest of the

mechanism and other data that are unchanged from the previ-

ous case. On the integration and assigned variables, units,
and fuel name line U.S. customary (FPS) units have been

specified for the input of any new data. The only new infor-
mation that is given in namelist PROB is the print station list

(in feet). We have also set the variable EXCHR equal to
TRUE to obtain the printout of net energy exchange rates for
each reaction instead of the net reaction conversion rates. In

namelist START initial temperature and pressure are given in

U.S. customary units, and the mass fuel-oxidant ratio is given
for the initial mixture. The stoichiometric coefficients of the



D. Kinetics Test Cases

fuel are not needed when this ratio is given, but they are
saved automatically when the ADD or REPEAT option is

used. Comparing the computed results of cases 2 and 3
showed dose agreement. Therefore the two changes made

in the mechanism for this case were not used in any other
test cases.

Case 4

Case 4 is the ignition of a stoichiometric hydrogen-oxygen
mixture flowing in a duct whose pressure profile is assigned
as a linear function of distance. The flow is subsonic and

heat transfer is assigned as a linear function of temperature.
The default value of QMREAD is TRUE; it has been set in

namelist PROB only for illustrative purposes. The chemical
mechanism is the hydrogen-oxygen portion of the mecha-

nism of case 2, and the initial composition is given by the
same method used for that case. However, because the oxi-

dant is pure oxygen rather than the standard air, the variables

ARAT, NOXRAT, and CRAT are set equal to zero. Output is
specified in U.S. customary (FPS) units, but input is in the
default (CGS) units. Therefore, the values given in the array
PRINT are in centimeters.

Case 5

Case 5 is the static ignition of a methane-oxygen-nitrogen

mixture with an assigned pressure profile that increases lin-
early with time. Heat transfer from the system is given by

the Otto cycle correlation option in LSENS. Note that in
namelist PROB the logical variable QMREAD must now be

set equal to FALSE, and values of the variables BORE,

STROKE, TWALL, and RPM are given. The chemical
mechanism builds on that of case 2 by adding the oxidation

and decomposition reactions of methane and its oxidation
products ethane, ethylene, and acetylene, as well as the reac-
tions of carbon monoxide and the formyl (HCO) radical.

Also included are reactions of ketene (C2H20), the ketyl

(C2HO) radical, and formaldehyde. All C-H-O reactions
were taken from references 7 and 8. Initial mixture composi-

tion is given by listing species mole fractions after namelist
START.

Case 6

Case 6 is the adiabatic ignition of a methane-oxygen-
nitrogen mixture in supersonic flow at a constant assigned

pressure of 1.73 atm. A trace amount of CN radical is also
present in the oxidant. The chemical mechanism is the same
as for case 5. In namelist PROB the logical variable

COMBUS has been set equal to TRUE so that the code will

perform an assigned-pressure and assigned-enthalpy equilib-
rium computation, which gives the final conditions that the

kinetics computations would approach at long reaction times.

With the pressure assigned, LSENS computes a reaction area
profile as a function of distance.

Case 7

Case 7 is the same methane-air problem as case 6. How-
ever, the area profile computed in case 6 is now assigned as a

table of distance and area values, and pressure is computed.
We illustrate here the use of the REPEAT option of the

ACTION switch. Output is-requested at values of the area
that are listed in the array APRINT, and COMBUS is set

equal to FALSE so that an equilibrium calculation is not per-

formed. Computed results are close to, but not identical to,
those of case 6. Small differences arise because area is now

computed by interpolation from the table of values at each
step.

Case 8

Case 8 is also the same methane-air problem as case 6.

Now both the area and temperature profiles computed in
case 6 are assigned as tables of values. The REPEAT option

is used again to save data from the previous case, including
the area-versus-distance table that was used in case 7.

Because temperature is assigned as a function of distance in
namelist TMPDAT, output is requested at values of tempera-

ture, which are assigned in the array TPRINT. Note that only

pressure and Mach number are assigned in namelist START.

Case 9

Case 9 is a methane-air reaction in supersonic flow with

both temperature and pressure assigned constant values. The
REPEAT option is used again so that the chemical mecha-
nism of case 6 is used. The variable COMBUS is set equal to

TRUE so that an assigned-pressure and assigned-temperature
equilibrium problem will be performed before the kinetic

computation. Note that the constant pressure is assigned by
setting CX0 in namelist PROB and the assigned constant

temperature is given by setting CX0 in namelist TMPDAT.

Case 10

Case 10 is the adiabatic, constant-volume ignition of

methanol and oxygen in a static system. The mechanism was
obtained by adding to the reactions of case 6 ten reactions in-

volving methanol and CH2OH taken from reference 9. The
variable RHOCON is set equal to TRUE in namelist PROB.

The simplified combustion input is used for this rich (fuel-
oxygen equivalence ratio, 2.0) mixture. However, very small

initial concentrations of three trace species are also read in
following namelist START. These additional mole fractions

may be read in if their sum does not exceed the code error
limit (1.0xl0 "4) for the deviation of the initial mole fraction



sumfromunity.Notealsothatthestartingpressureof 1atm
iswrittenas760mmofmercuryandthevariableMMHGis
setequaltoTRUEinnamelistSTART.

Case 11

Case 11 illustrates a propane-air perfectly stirred reactor

(PSR) combustion process followed by a flow reaction of the

products expanding through a diverging nozzle. The reaction
mechanism is obtained by adding three propane and propyl
radical reactions (ref. 8) to the methane-air mechanism of

case 6. We demonstrate, first of all, a typical assigned-mass-

flow-rate PSR problem setup in namelist WSPROB and, sec-
ond, the option to perform an assigned-area flow problem by
using the output conditions from the PSR as input conditions

for the flow problem. The variables WELSTR and WSFLOW

have both been set equal to TRUE in namelist PROB. How-
ever, setting only WSFLOW equal to TRUE also tells

LSENS to set WELSTR equal to TRUE and perform both

problems. Note that the data for the flow problem in namelist
PROB include the setting of the logical variable ROCKET
equal to TRUE for rocket performance parameter computa-
tions. Values of ATHROT and PC must also be given.

Case 12

Case 12 is the high-temperature ionization of air in
constant-area subsonic flow. It shows the use of the logical
variables DBUGO and ORDER in namelist PROB to obtain

the individual net molar formation rates of each species by

every reaction in which the species participates. Setting

ORDER equal to TRUE is probably more useful, because the
net production rates are printed in order of decreasing magni-
tude and none of the zero rates are printed. The chemical
mechanism contains reactions of both neutral and ionic spe-

cies. Rate expressions for neutral-species reactions are the

same as those used for previous test cases. However, the
conversion between oxygen atoms and molecular oxygen is

written as the recombination process here. The rate expres-
sion for it is taken from reference 10, with the preexponential

factor increased because the collision partners are N 2 and 02

instead of argon. Rate expressions for ion-molecule reactions
were taken from reference 11.

Case 13

Case 13 is the high-pressure reaction of hydrogen and car-
bon monoxide in a constant-volume, constant-temperature

static system. The variable COMBUS is set equal to TRUE

to obtain an assigned-temperature and assigned-volume equi-
librium computation. The variables RHOCON and TCON

are set equal to TRUE in namelist PROB, and initial tempera-

Listing of Results

ture and pressure are assigned in namelist START. The
chemical mechanism is a small portion of the mechanism of
case 6.

Case 14

Case 14 is the photolytic ignition of a stoichiometric
hydrogen-oxygen mixture in a constant-volume static system.

The variable COMBUS is set equal toTRUE to obtain an
assigned-internal-energy and assigned-volume equilibrium

computation. The chemical mechanism is that of case 4 with
the addition of the photolysis of the H 2 and 02 molecules.
The constant rate coefficients for these reactions were set

arbitrarily to give ignition at about 1 s of reaction time.

Case 15

Case 15 is a methane-air ignition reaction in supersonic

flow with the area profile assigned as a table of monotoni-
cally decreasing values in the array ATB as a function of the

increasing XTB values (namelist PROB). The print stations
are assigned at values of the area and are given in the array

APRINT. Note that they are given in decreasing order, as are
the ATB values, and that values different from those in the

area table may be given. The first value in the ATB array
should not be given in the APRINT array. It will be ignored

if present. For this problem initial values of temperature,
Mach number, and pressure are set in namelist START.

Case 16

Case 16 is the same as case 15 except for the designation
of print stations, and therefore the REPEAT action option has

been used. The print stations are listed as values of distance
in the array PRINT and are, of course, in increasing order.
We have repeated the ATB and XTB arrays in namelist

PROB for illustration purposes only. These arrays are saved
by use of the REPEAT option and do not have to be listed

again unless the user wants to do so.

Listing of Results

The test case file in table D.1 was executed on a Sun

SPARCstation 1 computer using the Sun 4.1.3 operating sys-
tem and the Sun FORTRAN compiler using level 2 optimiza-

tion except for subroutine KINP, which had to be compiled

with no optimization. Sample pages from the output are
shown in table D.2. The total execution time for all 16 test

cases was approximately 154 s. This time will be signifi-

cantly shorter for mainframe computers and the current more

powerful workstations from Sun and other manufacturers.



TABLE D.1.--PROBLEM DATA FILE FOR KJNETICS-ONLY TEST CASES

TAPE

LSENS BROMINE DISSOCIATION IN A SHOCK TUBE

M + BR2 =2.0BR 6.99E+II 0.50

THIRDBODY

BR2 3 . 80 END

XE

DISTANCE AREA

&prob isubm=32200.0, eta=0.5, shock=.true.,

print=0.05,2.0,4.0, &end

&start p=0.1227, mach=3.2646, t=299.9, &end
BR2 0.01

XE 0.99

END

&solver emax=l. 0E- 2, atolsp=l. 0E- 10, &end

FINIS

LSENS HYDROGEN - AIR TEST WITH HEAT TRANSFER STOICH

NEW

0 + H20 = OH + OH 6.8E+13 0.

H + 02 = OH + O 1.89E+14 0.

O + N2 = OH + H 4.20E+14 0.

N + NO2 = H2 + 02 7.28E+13 0.

O + HO2 = OH + 02 5.0E+13 0.

H02 + OH = H20 + 02 8.0E+12 0.

N + HO2 =2.0OH 1.34E_14 0.

N2 + NO2 = H202 + H 7.91E+13 0.

OH + H202 = H20 + HO2 6.1E+12 0.

H02 + HO2 = H202 + 02 1.8E+12 0.

H ÷ H202 = OH + H20 7.8E+II 0.

M + H202 =2.00}{ 1.44E+17 0.

THIRDBODY

H2 2.30 02 .78 H20

END

H2 + OH = H20 + H

N + 02 = HO2 + M

THIRDBODY

02 1.30 N2 1.3 H20

END

M + H20 = H + OH

THIRDBODY

H2 4.00 02 1.5 H20

END

H + O = OH + M

M + H2 = H + H

THIRDBODY

H2 4.10 02 2.0 H20

END

M + 02 = O + O

HO2 + NO = NO2 + OH

O + NO2 = NO + 02

NO + O = NO2 + M

NO2 + H = NO + OH

NO + O = N + 02

O + N2 = NO + N

NO + H = N + OH

M + N20 = N2 + O

O + N20 = N2 + 02

O + N20 =2.0NO

N + NO2 =2.0NO

N20 + H = N2 + OH

NO2 + H2 = HNO2 + H

OH + NO2 = HlqO3 + M

THIRDBODY

02 0.70 H2 1.4 EIqD

OH + NO = HNO2 + M

HNO + H = H2 + NO

H + NO = }{NO + M

HNO + OH = H20 + NO

OO2 AR

DISTANCE AREA H2

&prob cx0=2000.0, print=3.048,6.096,7.620,12.19,

htran=.true., qmread=.true., hti=5.863, ht0=-42.88,

&start p=0.956, t=!559.0, mach=5.0,

eratio=l.0, scc=0.0, sch=2.0, scox=0.0, &end

END

&solver emax=5.0E-3, atolsp=l.0E-12, &end

FINIS

LSENS

6.0 H202

4.74E+13 0.

1.46E+15 0.

21.3 H2

1.30E+15 0.

20.0 N2

7.1E+18 -I.

2.2E+14 0.

15.0 N2

1.80E+18 -I.

2.09E+12 0.

1.0E+I3 0.

5.62E÷15 0.

3.47E+14 0.

3.8E+9 I.

1.8E+14 0.

2.63E+14 0.

6.92E+23 -2.5

1.0E+I4 0.

6.92E+13 0.

4.0E+12 0.

7.59E+13 0.

2.4E+13 0.

3.0E+15 0.

5.6E+15 0.

5.0E+12 0.

5.4E+15 0.

3.6E+13 0.

&end

HYDROGEN - AIR TEST WITH HEAT TRANSFER FULL MECHANISM

CASE 1

35500.

CASE 2

18365.

16400.

13750.

2126.

i000.

0.

1070.

25000.

1430.

0.

0.

45510.

6.6

6098.

-I000.

3.0

105140.

1.5

0.

96000.

2.0

118020.

-477.

596.

-1160.

1470.

41370.

76250.

50410.

65000.

28020.

26630.

0.

15100.

29000.

-3800.

-1700.

0.

-600.

0.

CASE 3



TABLE D.1.--Confinu_d.

CHANGE

HO2 + HO2 = H202 + 02 2.0E+I2 0.

ADD

O + H202 = OH + HO2 8.0E+13 0.

END

DISTANCE AREA FPS H2

&prob exchr=.true., print=0.1,0.2,0.25,0.4,

&start p=2023.09, t=2806.2, mach=5.0,

flair=0.029163, &end

END

&solver &end

FINIS

LSENS HYDROGEN - OXYGEN CASE WITH HEAT TRANSFER

NEW

O + H20 = OH + OH 6.8E+13 0.

H + 02 = OH + 0 1.89E+14 0.

O + H2 = OH + H 4.20E+14 0.

H + HO2 = H2 + 02 7.28E+13 0.

O + HO2 = OH + 02 5.0E+13 0.

HO2 + OH = H20 + 02 8.0E+12 0.

H + HO2 =2.0OH 1.34E+14 0.

H2 + HO2 = H202 + H 7.91E+13 0.

OH + H202 = H20 + HO2 6.1E+12 0.

HO2 + HO2 = H202 + 02 1.8E+12 0.

H + H202 = OH + H20 7.8E+II 0.

M + H202 =2.0OH 1.44E+17 0.

THIRDBODY

H2 2.30 02 .78 H20

END

H2 + OH = H20 + H

H + 02 = HO2 + M

THIRDBODY

02 1.30 H2 3.0 H20

M + H20 = H + OH

THIRDBODY

H2 4.00 02 1.5 H20

H + O = OH + M

M + H2 = H + H

THIRDBODY

H2 4.10 02 2.0 H20

M + 02 = O + O

&end

6.0 H202

4.74E+13 0.

1.46E+15 0.

21.3

1.30E+15 0.

20.0 END

7.1E+18 -i.

2.2E+14 0.

15.0 EIqD

1.80E+18 -i.

END

DISTANCE PRESSURE FPS H2

&prob cx0=5.0, cxl=.01, print=f0.0,15.0,15.95,

htran=.true., qmread=.true., hti=5.863, ht0=-42.88, &end

&start t=1050.0, mach=0.5, area=2000.0, eratio=l.0,

scc=0.0, sch=2.0, scox=0.0, noxrat=0.0, arat=0.0, crat=0.0, &end

END

&solver emax=5.0E-6, atolsp=l.0E-13, &end

FINIS

LSENS CH4 - 02 - N2 MECH. BATCH RXN. WITH OTTO CYCLE HEAT LOSS

NEW

M + CH4 = CH3 + H 2.0E+17

H + CH4 = CH3 + H2 1.26E+14

CH4 + 02 = CH3 + HO2 7.94E+13

O + CH4 = CH3 + OH 1.9E+14

OH + CH4 = CH3 + H20 2.5E+13

CH3 + 02 = CH30 + O 2.4E+13

CH3 + OH = CH30 + H 6.3E+12

M + CH30 = CH20 + H 5.0E+13

CH3 + CH3 = C2H6 2.4E+14

H + C2H6 = C2H5 + H2 1.32E+14

O + C2H6 = C2H5 + OH 1.13E+14

OH + C2H6 = C2H5 + H20 8.7E+13

M + C2H5 = C2H4 + H 1.0E+I7

C2H5 + 02 = C2H4 + HO2 2.0E+12

H + C2H5 = C2H4 + H2 4.8E+13

CH3 + CH2 = C2H4 + H 2.0E+13

H + C2H4 = H2 + C2H3 1.5E+14

M + C2H4 = C2H2 + H2 2.6E+17

C2H4 + OH = C2H3 + H20 4.8E+12

C2H4 + OH = CH3 + CH20 2.0E+12

C2H4 + O = CH3 + HCO 3.3E+12

C2H4 + 0 = CH20 + CH2 2.5E+13

M + C2H3 = C2H2 + H 3.0E+15

C2H3 ÷ 02 = CH20 + HCO 3.98E+12

C2H3 + H = C2H2 + H2 6.0E+12

C2H3 + O = C2H20 + H 3.3E+13

C2H3 + OH = C2H2 + H20 5.0E+12

0.

0.

0.

0.

0.

0.

0.

0.

-.4

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

O.

0.

0.

0.

0.

0.

0.

0.

0.

i000.

CASE 4

18365.

16400.

13750.

2126.

I000.

0.

1070.

25000.

1430.

0.

0.

45510.

6.6

6098.

-I000.

105140.

O.

96000.

118020.

CASE 5

88000.

11900.

56000.

11720.

5010.

28680.

0.

21000.

0.

9700.

7850.

3520.

31000.

5000.

0.

0.

10200.

79300.

1230.

960.

1130.

5000.

32000.

-250.

0.

0.

0.



TABLE D. 1.---Continued.

C2H3 + CH2 = C2H2

C2H3 + C2H =2.0C2H2

M + C2H2 = C2H

C2H2 + O = CH2

C2H2 + 0 = C2HO

C2H2 + OH = C2H

C2H2 + OH = C2H20

C2H + 02 = C2HO

C2H + OH --- C2HO

C2HO + 02 =2.0CO

C2HO + 0 =2.0CO

C2HO + OH =2.0HCO

C2HO + H = CH2

C2HO + CH2 = C2H3

C2HO + CH2 = CH20

2.0C2HO = C2H2

C2H20 + OH = CH20

C2H20 + OH = C2HO

C2H20 + H = CH3

C2H20 + H = C2H0

C2H20 + O = C2H0

C2H20 + O = CH20

H + C2H20 = CH2

C2H + 0 = CO

CH30 + 02 = CH20

CH30 + H = CH20

M + CH20 = HCO

CH20 + OH = HCO

CH20 + H = HCO

CH20 + 0 = HCO

CH3 + CH20 = CH4

CH3 + HCO = CH4

CH3 + HO2 ---- CH30

M + CH3 = CH2

H + CH3 = H2

O + CH3 = OH

OH + CH3 = H20

CH + CO2 = HCO

CH + 02 = HCO

CH2 + 02 = CH20

CH2 + O = CH

CH2 + OH = CH

CH2 + H = CH

CH2 + CH2 = C2H3

CH2 + CH2 = C2H2

HCO + 02 = CO

HCO + O = CO

HCO + OH = CO

HCO + H = CO

M + HCO = H

CO + O = CO2

CO + 02 = CO2

CO + OH = CO2

CO + HO2 = CO2

O + H20 = OH

H + 02 = OH

O + H2 = OH

H + HO2 = H2

O + HO2 = OH

HO2 + OH = H20

H + HO2 =2.0OH

H2 + HO2 = H202

OH + H202 = H20

HO2 + HO2 = H202

H + H202 = OH

M + H202 =2.0OH

THIRDBODY

H2 2.30 02

END

H2 + OH = H20

H + 02 = HO2

TH IRDBODY

02 1.30 N2

END

M + H20 = H

THIRDBODY

H2 4.00 02

C02 4 • 0 END

H + O = OH

M + H2 = H

TH I RDB ODY

H2 4. I0 02

+ CH3

+ H

+ CO

+ H

+ H20

+ H

+ O

+ H

+ OH

+ H

+ CO

÷ CO

+ C2H

+2.0CO

+ HCO

+ H20

+ CO

+ H2
+ OH

+ CO

+ CO

+ CH
+ HO2

+ H2

+ H

+ H20

+ H2

+ OH

+ HCO

+ CO

+ OH

+ H

+ CH2

+ CH2

+ CH2

+ CO

+ O

+ O

+ OH

+ H20

÷ H2

+ H

+ H2

+ HO2

+ OH

+ H20

+ H2

+ CO

+ M

+ O

+ H

+ OH

+ OH

+ O

+ H

+ 02

+ 02

+ 02

+ H

÷ HO2

+ 02

+ H20

.78 H20

+ H

+ M

1.3 H20

+ OH

1.5 H20

+ M

+ H

2.0 H20

3.0E+13 0.

3.0E+13 0.

4.2E+16 0.

1.6E+14 .0

4.0E+14 0.0

6.3E+12 0.0

3.2E+II 0.0

5.00E+13 0.

2.0E+13 0.

1.46E+12 0.

1.202E+12 0.

1.0E+I3 0.

5.0E+13 0.

3.0E+13 0.

1.0E+I3 0.

1.0E+I3 0.

2.8E+13 0.

7.5E+12 0.

1.13E+13 0.

7.5E+13 0.

5.0E+13 0.

2.0E+13 0.

2.0E+16 0.

5.0E+13 0.

1.0E+I3 0.

2.0E+13 0.

5.0E+16 0.

3.0E+13 0.

2.5E+13 0.

3.5E+13 0.

1.0E+I0 0.5

3.0E+II .5

2.0E+13 0.

1.95E+16 0.

2.7E+II .67

I.gE+II .68

2.7E+II .67

3.7E+12 0.

1.0E+I3 0.

5.0E+II 0.5

2.0E+II .7

5.0E+II .5

3.2E+II 0.7

5.0E+12 0.

4.0E÷13 0.

3.0E+13 0.

3.0E+13 0.

3.0E+13- 0.

2.0E+13 0.

2.9E+14 0.

2.4E+15 0.

2.5E+12 0.

4.17E+II 0.

5.75E+13 0.

6.8E+13 0.

1.89E+14 0.

4.20E+14 0.

7.28E+13 0.

5.0E+13 0.

8.0E+12 0.

1.34E+14 0.

7.91E+13 0.

6.1E+12 0.

1.8E+12 0.

7.8E+II 0.

1.44E+17 0.

6.0 H202

4.74E+13 0.

1.46E+15 0.

21.3 CO2

1.30E+15 0.

20.0 N2

7.1E+18 -I.

2.2E+14 0.

15.0 N2

0.

0.

107000.

9890.

10660.

7000.

200.

1500.

0.

2500.

0.

0.

0.

0.

2000.

0.

0.

3000.

3428.

8000.

8000.

0.

60000.

0.

7170.

0.

81000.

1200.

3990.

3500.

6000.

0.

0.

91600.

25700.

25700.

25700.

0.

0.

6960.

25800.

5900.

497 0.

0.

0.

0.

0.

0.

0.

15570.

4100.

47690.

I000.

22930.

18365.

16400.

13750.

2126.

I000.

0.

1070.

25000.

1430.

0.

0.

45510.

6.6

6098.

-i000.

7.0

105140.

1.5

0.

96000.

2.0



TABLE D.1.---.-Continued.

END

M + 02 = O + O 1.80E+18 -i.

CH + N2 = HCN + N 1.0E+II 0.

CN + H2 = HCN + H 6.0E+13 0.

O + HCN = OH + CN 1.4E+11 .68

OH + HCN = HNCO + H 4.0E+II 0.

CN + O = CO + N 1.2E+13 0.

CN + OH = NCO + H 2.5E+14 0.

H2 + NCO = HNCO + H 1.0E+I4 0.

HNCO + H = NH2 + CO 1.0E+14 O.

CN + 02 = NCO + O 3.2E+13 O.

CN + CO2 = NCO + CO 3.7E+12 0.

O + NCO = NO + CO 2.0E+13 0.

N + NCO = N2 + CO 1.0E+13 0.

H + NCO = NH + CO 2.0E+13 0.

CH + NO = N + HCO 1.6E+13 0.

CH + NO = 0 + HCN 2.0E+12 0.

l_d + OH = N + H20 5.0E+ll 0.5

HO2 + NO = NO2 + OH 2.09E+12 0.

O + NO2 = NO + 02 I.OE+I3 0.

NO + O = NO2 + M 5.62E+15 0.

NO2 + H = NO + OH 3.47E+14 0.

NO + H = N + OH 2.63E+14 0.

NO + O = N + 02 3.8E+9 i.

O + N2 = NO + N 1.80E+14 0.

N + NO2 =2.0NO 4.0E+12 0.

M + N20 = N2 + O 6.92E+23 -2.5

O + N20 = N2 + 02 1.0E+I4 0.

O + N20 =2.0NO 6.92E+13 0.

N20 + H = N2 + OH 7.59E+13 0.

NO2 + H2 = HNO2 + H 2.4E+13 0.

OH + NO2 = HNO3 + M 3.0E+15 0.

THIRDBODY

02 0.70 H2 1.4 END

OH + NO = HNO2 + M 5.6E+15 0.

HNO + H = H2 + NO 5.0E+12 0.

H + NO = HNO + M 5.4E+15 0.

HNO + OH = H20 + NO 3.6E+13 0.

END

TIME

&prob

PRESSURE

ct0=2.0, ctl=700.0, print=2.5E-4,3.4E-4,3.SE-4,

htran=.true., qmread=.false., otto=.true., bore=8.5, stroke=7.0,

twall=1000.0, rpm=2500.0, &end

&start t=1550.0, &end

CH4 0.1725

02 0.1725

N2 0. 65492

N 0. 00001

CH 0. 00003

CN 0. 00001

CH2 0.00001

END

&solver &end

FINIS

LSENS

NEW

M + CH4 = CH3 + H

H + CH4 = CH3 + H2

CH4 + 02 = CH3 + HO2

O + CH4 = CH3 + OH

OH + CH4 = CH3 + H20

CH3 + 02 = CH30 + O

CH3 + OH = CH30 + H

M + CH30 = CH20 + H

CH3 + CH3 = C2H6

H + C2H6 = C2H5 + H2

O + C2H6 = C2H5 + OH

OH + C2H6 = C2H5 + H20

M + C2H5 = C2H4 + H

C2H5 + 02 = C2H4 + HO2

H + C2H5 = C2H4 + H2

CH3 + CH2 = C2H4 + H

H + C2H4 = H2 + C2H3

M + C2H4 = C2H2 + H2

C2H4 + OH = C2H3 + H20

C2H4 + OH = CH3 + CH20

C2H4 + O = CH3 + HCO

C2H4 + O = CH20 + CH2

M + C2H3 = C2H2 + H

C2H3 + 02 = CH20 + HCO

C2H3 + H = C2H2 + H2

emax=l.0E-4, atolsp=l.0E-13,

METHANE AIR MECHANISM CONSTANT PRESSURE FLOW PROBLEM

2.0E+17 0.

1.26E+14 0.

7.94E+13 0.

1.9E+14 O.

2.5E+13 0.

2.4E+13 0.

6.3E+12 0.

5.0E+13 0.

2.4E+14 -.4

1.32E+14 0.

1.13E+14 0.

8.7E+13 0.

1.0E+I7 0.

2.0E+12 0.

4.8E+13 0.

2.0E+13 0.

1.5E+14 0.

2.6E+17 0.

4.8E+12 0.

2.0E+12 0.

3.3E+12 0.

2.5E+13 0.

3.0E+15 0.

3.98E+12 0.

6.0E+12 0.

118020.

19000.

5300.

16900.

2800.

0.

6000.

9OOO.

8500.

i000.

0.

0.

0.

0.

9940.

0.

2000.

-477.

596.

-1160.

1470.

50410.

41370.

76250.

0.

65000.

28020.

26630.

15100.

29000.

-3800.

-1700.

0.

-600.

0.

CASE 6

88000.

11900.

56000.

11720.

5010.

28680.

0.

21000.

0.

9700.

7850.

3520.

31000.

5000.

0.

0.

10200.

79300.

1230.

960.

1130.

5000.

32000.

-250.

0.



C2H3 + 0

C2H3 + OH

C2H3 + CH2

C2H3 + C2H

M + C2H2

C2H2 + O

C2H2 + 0

C2H2 + OH

C2H2 + OH

C2H + 02

C2H + OH

C2HO + 02

C2HO + 0

C2HO + OH

C2HO + H

C2HO + CH2

C2HO + CH2

2.0C2HO

C2H20 + OH

C2H20 + OH

C2H20 + H
C2H20 + H

C2H20 + 0

C2H20 + 0

M + C2H20

C2H + O

CH30 + 02

CH30 + H

M + CH20

CH20 + OH

C}{20 + H
CH20 + O

CH3 + CH20

CH3 + HCO

CH3 + HO2

M + CH3

H + CH3

0 + CH3

OH + CH3

CH + CO2

CH + 02

CH2 + 02

CH2 + O
CH2 + OH

CH2 + H
CH2 + CH2

CH2 + CH2

HCO + 02

HCO + 0

HCO + OH

HCO + H
M + HCO

CO + O

CO + 02

CO + OH

CO + HO2

0 + H20

H + 02

O + H2

H + HO2
O + HO2

HO2 + OH

H + HO2

H2 + HO2

OH + H202

HO2 + HO2

H + H202

M + H202

THIRDBODY

H2 2.30 02

END

H2 + OH

H + 02

THIRDBODY

02 1.30 N2

END

M + H20

THIRDBODY

H2 4.00 02

C02 4.0 END

H + O

M + H2

TABLE D.1.---Cominucd.

= C2H20 + H

= C2H2 + H20

= C2H2 + CH3

=2.0C2H2

= C2H + H

= CH2 + CO

= C2HO + H

= C2H + H20

= C2H20 + H

= C2HO + 0

= C2HO + H

=2.0CO + OH

=2.0CO + H
=2.0HCO

= CH2 + CO

= C2H3 + CO

= CH20 + C2H

= C2H2 +2.0CO

= CH20 + HCO

= C2HO + H20

= CH3 + CO

= C2HO + H2

= C2HO + OH

= CH20 + CO

= CH2 + CO

= CO + CH

= CH20 + HO2

= CH20 + H2

= HCO + H

= HCO + H20

= HCO + H2

= HCO + OH

= CH4 + HCO

= CH4 + CO

= CH30 + OH

= CH2 + H

= H2 + CH2

= OH + CH2

= H20 + CH2

= HCO + CO

= HCO + O

= CH20 + O

= CH + OH

= CH + H20

= CH + H2

= C2H3 + H

= C2H2 + H2

= CO + HO2

= CO + OH

= CO + H20

= CO + H2

= H + CO

= CO2 + M

= CO2 + O

= C02 + H

= C02 + OH

= OH + OH

= OH + O

= OH + H

= H2 + 02

= OH + 02

= H20 + 02

=2.0OH

= H202 + H

= H20 + HO2

= H202 + 02

= OH + H20

=2.0OH

.78 H20

= H20 + H

= HO2 + M

1.3 H20

= H + OH

1.5 H20

= OH + M

= H + H

3.3E+13 0.

5.0E+12 0.

3.0E+13 0.

3.0E+13 0.

4.2E+16 0.

1.6E+14 .0

4.0E+14 0.0

6.3E+12 0.0

3.2E+II 0.0

5.00E+13 0.

2.0E+13 0.

1.46E+12 0.

1.202E+12 0.

1.0E+I3 0.

5.0E+13 0.

3.0E+13 0.

1.0E+I3 0.

1.0E+I3 0.

2.8E+13 0.

7.5E+12 0.

1.13E+13 0.

7.5E+13 0.

5.0E+13 0.

2.0E+13 0.

2.0E+16 0.

5.0E+13 0.

1.0E+I3 0.

2.0E+13 0.

5.0E+16 0.

3.0E+13 0.

2.5E+13 0.

3.5E+13 0.

1.0E+I0 0.5

3.0E+II .5

2.0E+13 0.

1.95E+16 0.

2.7E+II .67

1.9E+II .68

2.7E+II .67

3.7E+12 0.

1.0E+I3 0.

5 0E+II 0.5

2 0E+II .7

5 0E+II .5

3 2E+II 0.7

5 0E+I2 0.

4 0E+I3 0.

3.0E+13 0.

3.0E+13 0.

3.0E+13 0.

2.0E+13 0.

2.9E+14 0.

2.4E+15 0.

2.5E+12 0.

4.17E+II 0.

5.75E+13 0.

6.8E+13 0.

1.89E+14 0.

4.20E+14 0.

7.28E+13 0.

5.0E+13 0.

8.0E+12 0.

1.34E+14 0.

7.91E+13 0.

6.1E+12 0.

1.8E+12 0.

7.8E+II 0.

1.44E+17 0.

6.0 H202

4.74E+13 0.

1.46E+15 0.

21.3 CO2

1.30E+15 O.

20.0 N2

7.1E+18 -i.

2.2E+14 0.

0.

0.

0.

0.

107000.

9890.

10660.

7000.

200.

1500.

0.

2500.

0.

0.

0.

0.

2000.

0.

0.

3000.

3428.

8000.

8000.

0.

60000.

0.

7170.

0.

81000.

1200.

3990.

3510.

6000.

0.

0.

91600.

25700.

25700.

25700.

0.

0.

6960.

25800.

5900.

4970.

0.

0.

0.

0.

0.

0.

15570.

4100.

47690.

I000.

22930.

18365.

16400.

13750.

2126.

I000.

0.

1070.

25000.

1430.

0.

0.

45510.

6.6

6098.

-I000.

7.0

105140.

1.5

0.

96000.



THIRDBODY
H2 4.10 02

END

M + 02

CM + N2

CN + H2

O + HCN

OH + HCN

CN + O

CN + OH

H2 + NCO

HNCO + H

CN + 02

CN + CO2

O + NCO

N + NCO

H + NCO

CH + NO

CH + NO

+ OH

HO2 + NO

0 + NO2

NO + O

NO2 + H

NO ÷ H

NO + 0

O + N2

N + NO2

M + N20

O + N20

O + N20

N20 + H

NO2 + H2

OH + NO2

THIRDBODY

02 0.70 H2

OH + NO

HNO + H

H + NO

HNO + OH

END

DISTANCE PRESSURE

&prob cx0=1.730,

TABLE D.1.--Condnued.

2.0 H20 15.0 N2

= O + O I. 80E+18 -I.

= HCN + N I. 0E+II 0.

= HCN + H 6.0E+I3 0.

= OH + CN 1.4E+II .68

= HNCO + H 4.0E+II 0.

= CO + N i. 2E+13 0.

= NCO + H 2.5E+14 0.

= HNCO + H 1.0E+ 14 0.

= NH2 + CO 1.0E+ 14 0.

= NC0 + O 3.2E+13 0.

= NCO + CO 3.7 E+ 12 0.

= NO + CO 2.0E+I3 0.

= N2 + CO 1.0E+I3 0.

= NH + CO 2.0E+I3 0.

= N + HCO 1.6E+13 0.

= O + HCN 2.0E+I2 0.

= N + H20 5.0E+II 0.5

= NO2 + OH 2.09E+12 0.

= NO + 02 1.0E+I3 0.

= NO2 + M 5.62E+15 0.

= NO + OH 3.47E+14 0.

= N + OH 2.63E+14 0.

= N + 02 3.8E+9 1.

= NO + N 1.80E+14 0.

=2.0NO 4.0E+I2 0.

= N2 + O 6.92E+23 -2.5

= N2 + 02 1.0E+I4 0.

=2.0NO 6.92E+13 0.

= N2 + OH 7.59E+13 0.

= HN02 + H 2.4E+13 0.

= HNO3 + M 3.0E+I5 0.

1.4 END

= HNO2 + M 5.6E+15 0.

= }{2 + NO 5.0E+I2 0.

= HNO + M 5.4E+15 0.

= H20 + NO 3.6E+13 0.

combus=, true., exchr = . true.,

&start

CH4

O2

N2

CN

END

&solver

FINIS

LSENS

REPEAT

DISTANCE

print=lO.O,20.o,25.0,3o.o,32.o,34.o,36.o,37.0,38.0,39.o,40.o,41.o,

42.0,43.0,44.0,45.0,46.0,47.0,48.0, &end

area=f000.0, mach=2.0, t=1700.0, &end

0. 049768

0.199072

0.75116

0.0000001

emax=l.0E-4, atolsp=l.0E-10, &end

METHANE - AIR WITH AREA PROFILE OF CASE 6

&start

CH4

02

N2

CN

END

&solver

FINIS

LSENS

REPEAT

DISTANCE

AREA

&prob pcon=.false., combus=.false.,

xtb=o.0,10.0,20.0,25.0,30.0,32.0,34.0,36.0,37.0,38.0,39.0,40.0,41.0,

42.0,43.0,44.0,45.0,46.0,47.0,48.0,

atb= I000.00,i000.20,i004.65,1010.85,1023.22,1031.44,1042.92,1059.73,

i071.45,1087.06,1110.03,1153.75,1284.24,1350.79,1376.81,1397.15,

1414.00,1428.05,1439.83,1449.81,

aprint=1023.22,1153.75,1439.83, &end

t=1700.0, mach=2.0, p=1.730, &end

0.049768

0.199072

0.75116

0.0000001

emax=5.0E-5, atolsp=l.0E-13, &end

METHANE - AIR WITH AREA AND TEMPERATURE PROFILES OF CASE 6

AREA

&prob tass=.true., &end

&tmpdat xtb=0.0,15.0,20.0,25.0,30.0,32.0,34.0,36.0,38.0,40.0,41.0,

42.0,43.0,44.0,45.0,46.0,47.0,48.0,

tmptb=1700.00,1702.50,1707.74,1718.03,1738.22,1751.43,1769.70,

1796.16,1838.63,1939.65,2127.05,2225.54,2270.46,2307.71,2339.56,

2366.73,2389.90,2409.76,

tprint=1738.22,1939.65,2389.90, &end

2.0

118020.

19000.

5300.

16900.

2800.

0.

6000.

9000.

8500.

I000.

0.

0.

0.

0.

9940.

0.

2000.

-477.

596.

-1160.

1470.

50410.

41370.

76250.

0.

65000.

28020.

26630.

15100.

29000.

-3800.

-1700.

0.

-600.

0.

CASE 7

CASE 8



I0

TABLE D.1.--Continued.

&start p=l. 730, mach=2.0, &end

CH4 0. 049768

02 0. 199072

N2 0.75116

CN 0. 0000001

END

&solver emax=l.OE-3, atolsp=l.0E-12, mr=21, &end
FINIS

LSENS METHANE AIR MECHANISM ASSIGNED (CONST.) TEMP. FLOW PROBLEM CASE 9

REPEAT

DISTANCE PRESSURE

&prob cx0=1.730, combus=.true., exchr=.false.,

print=25.0,42.0,48.0, &end

&tmpdat cx0=1700.0, &end

&start area=1000, o, mach=2.0, &end
CH4 0.049768

02 0. 199072

N2 0.75116

CN 0. 0000001

END

&solver emax=l. 0E- 4, atolsp=l. 0E-13, &end
FINIS

LSENS METHANOL - AIR COMBUSTION
NEW

M + CH3OH

02 + CH3OH

OH + CH3OH

O + CH3OH

H + CH3OH

H + CH30H

CH3 + CH3OH

HO2 + CH3OH

M + CH2OH

02 + CH2OH

M + CH4

H + CH4

CH4 + 02

O + CH4

OH + CH4

CH3 + 02

CH3 + OH

M + CH30

CH3 + CH3

H + C2H6

O + C2H6

OH + C2H6

M + C2H5

C2H5 + 02

H + C2H5

CH3 + CH2

H ÷ C2H4

M + C2H4

C2H4 + OH

C2H4 + OH

C2H4 + O

C2H4 + O

M + C2H3

C2H3 + 02

C2H3 + H

C2H3 + 0

C2H3 + OH

C2H3 + CH2

C2H3 + C2H

M + C2H2

C2H2 + O

C2H2 + O

C2H2 + OH

C2H2 + OH

C2H + 02

C2H + OH

C2HO + 02

C2HO + O

C2HO + OH

C2HO + H

C2HO + CH2

C2HO + CH2

2.0C2HO

C2H20 + OH

C2H20 + OH

C2H20 + H

C2H20 + H
C2H20 + O

= CH3 + OH

= CH2OH + HO2

= CH2OH + H20

= CH2OH + OH

= CH2OH + H2

= CH3 + H20

= CH2OH + CH4

= CH2OH + H202

= CH20 + H

= CH20 + HO2

= CH3 + H

= CH3 + H2

= CH3 + HO2

= CH3 + OH

= CH3 + H20

= CH30 + 0
= CH30 + H

= CH20 + H

= C2H6

= C2H5 + H2

= C2H5 + OH

= C2H5 + H20

= C2H4 + H

= C2H4 + HO2

= C2H4 + H2

= C2H4 + H

= H2 + C2H3

= C2H2 + H2

= C2H3 + H20

= CH3 + CH20

= CH3 + HCO

= CH20 + CH2

= C2H2 + H

= CH20 + HCO

= C2H2 + H2

= C2H20 + H

= C2H2 + H20

= C2H2 + CH3

=2.0C2H2

= C2H + H

= CH2 + CO

= C2HO + H

= C2H + H20

= C2H20 + H

= C2HO + O

= C2HO + H

=2.0CO + OH

=2.0C0 + H

=2.0HCO

= CH2 + CO

= C2H3 + CO

= CH20 + C2H

= C2H2 +2.0CO

= CH20 + HCO

= C2HO + H20

= CH3 + CO

= C2HO + H2

= C2HO + OH

3.2E+18 0.

4.0E+13 0.

4.0E+12 0.

1.6E+12 0.

3.2E+13 0.

5.0E+12 0.

2.0E+II 0.

6.3E+12 0.

2.5E+13 0.

1.0E+I2 0.

2.0E+17 0.

1.26E+14 0.

7.94E+13 0.

1.9E+14 0.

2.5E+13 0.

2.4E+13 0.

6.3E+12 0.

5.0E+13 0.

2.4E+14 -.4

1.32E+14 0.

1.13E+14 0.

8.7E+13 0.

1.0E+I7 0.

2.0E+12 0.

4.8E+13 0.

2.0E+13 0.

1.5E+14 0.

2.6E+17 0.

4.8E+12 0.

2.0E+12 0.

3.3E+12 0.

2.5E+13 0.

3.0E+15 0.

3.98E+12 0.

6.0E+12 0.

3.3E+13 0.

5.0E+12 0.

3.0E+13 0.

3.0E+13 0

4.2E+16 0

1.6E+14 0

4.0E+14 0 0

6.3E+12 0 0

3.2E+II 0 0

5.00E+13 0

2.0E+13 0.

1.46E+12 0.

1.202E+12 0.

1.0E+I3 0.

5.0E+13 0.

3.0E+13 0.

1.0E+I3 0.

1.0E+I3 0.

2.8E+13 0.

7.5E+12 0.

1.13E+13 0.

7.5E+13 0.

5.0E+13 0.

CASE i0

80000.

50900.

2000.

2300.

7000.

5300.

9800.

19400.

29000.

6000.

88000.

11900.

56000.

11720.

5010.

28680.

0.

21000.

0.

9700.

7850.

3520.

31000.

5000.

0.

0.

10200.

79300.

1230.

960.

1130.

5000.

32000.

-250.

0.

0.

0.

0.

0.

107000.

9890.

10660.

7000.

200.

1500.

0.

2500.

0.

0.

0.

0.

2000.

0.

0.

3000.

3428.

8000.

8000.



C2H20+ 0
M + C2H20
C2H + 0
CH30 + 02
CH30 + H
M + CH20
CH20 + OH
CH20 + H

CH20 + O

CH3 + CH20

CH3 + HCO

CH3 + H02

M + CH3

H + CH3

O + CH3

OH + CH3

CH + C02

CH + 02

CH2 + 02

CH2 + O

CH2 + OH

CH2 + H

CH2 + CH2
CH2 + CH2

HCO + 02

HCO + O

HCO + OH

HCO + H

M + HCO

CO + O

CO + 02

CO + OH

CO + HO2

O + H20

H + 02

O + H2

H + HO2
O + H02

HO2 + OH
H + HO2

H2 + HO2

OH + H202

HO2 + HO2
H + H202

M + H202

THIRDBODY

H2 2.30

END

H2 + OH

H + 02

THIRDBODY
02 1.30

END

M + H20

THIRDBODY

H2 4.00

CO2 4.0

H + 0

M + H2

THIRDBODY

H2 4 .i0

END

M + 02

CH + N2

CN + H2

0 + HCN

OH + HCN

CN + O

CN + OH

H2 + NCO

HNCO + H

CN + 02

CN + C02

O + NCO

N + NCO

N + NCO

CH + NO

CM + NO

NH + OH

HO2 + NO

O + NO2

NO + O

O2

N2

O2

END

O2

TABLE D.l.----Contlnucd.

= CH20 + CO

= CH2 + CO

= CO + CH

= CH20 + H02

= C_20 + H2

= HCO + H

= HCO + H20

= HCO + H2

= HCO + OH

= CH4 + HCO

= CH4 + CO

= CH30 + OH

= CH2 + H

= H2 + CH2

= OH + CH2

= H20 + CH2

= HCO + CO

= HCO + O

= CH20 + O

= CH + OH

= CH + H20

= CH + H2

= C2H3 + H

= C2H2 + H2

= CO + HO2

= CO + OH

= CO + H20

= CO + H2

= H + CO

= CO2 + M

= CO2 + O

= CO2 + H

= CO2 + OH

= OH + OH

= OH + 0

= OH + H

= H2 + 02

= OH + 02

= H20 + 02

=2.0OH

= H202 + H

= H20 + HO2
H202 + 02

= OH + H20

=2.0OH

•78 H20

= H20 + H

= HO2 + M

1.3 H20

= H + OH

1.5 H20

= OH + M

= H + H

2.0

= 0

= HCN

= HCN

= OH

= HNCO

= CO

= NCO

= HNCO

= NH2

= NCO

= NCO

= NO

= N2

= NH

= N

= O

= N

= NO2

= NO

= NO2

H20

+ O

+ N

+ H

+ CN

÷ H

+ N

+ H

+ H

+ CO

+ O

+ CO

+ CO

+ CO

+ CO

+ HCO

+ HCN

+ H20

+ OH

+ 02

+ M

2 0E+I3 0.

2 0E+I6 0.

5 0E+I3 0.

1 0E+I3 0.

2 0E+I3 0.

5 0E+I6 0.

3.0E+13 0.

2.5E+13 0.

3.5E+13 0.

1.0E+I0 0.5

3.0E+II .5

2.0E+13 0.

1.95E+16 0.

2.7E+II .67

1.9E+II .68

2.7E+11 .67

3.7E+12 0.

1.0E+I3 0.

5.0E+II 0.5

2.0E+II .7

5.0E+II .5

3.2E+Ii 0.7

5.0E+12 0.

4.0E+13 0.

3.0E+13 0.

3.0E+13 0.

3.0E+13 0.

2.0E+13 0.

2.9E+14 0.

2.4E+15 0.

2.5E+12 0.

4.17E+II 0.

5.75E+13 0.

6.8E+13 0.

1.89E+14 0.

4.20E+14 0.

7.28E+13 0.

5.0E+13 0.

8.0E+12 0.

1.34E+14 0.

7.91E+13 0.

6.1E+12 0.

1.8E+12 0.

7.8E+II 0.

1.44E+17 0.

6.0 H202

4.74E+13 0.

1.46E+15 0.

21.3 CO2

1.30E+15 0.

20.0 N2

7.1E+18 -i.

2.2E+14 0.

15.0 N2

1.80E+18 -i.

1.0E+II 0.

6.0E+13 0.

1.4E+II .68

4.0E+II 0.

1.2E+13 0.

2.5E+14 0.

1.0E+I4 0.

1.0E+I4 0.

3.2E+13 0.

3.7E+12 0.

2.0E+13 0.

1.0E+I3 0.

2.0E+13 0.

1.6E+13 0.

2.0E+12 0.

5.0E+II 0.5

2.09E+12 0.

1.0E+I3 0.

5.62E+15 0.

0.

60000.

0.

7_70.

0.

81000.

1200.

3990.

3510.

6000.

0.

0.

91600.

25700.

25700.

25700.

0.

0.

6960.

25800.

5900.

4970.

0.

0.

0.

0.

0.

0.

15570.

4100.

47690

I000

22930

18365

16400

13750

2126.

i000.

0.

1070.

25000.

1430.

0.

0.

45510.

6.6

6098.

-i000.

7.0

105140.

1.5

0.

96000.

2.0

118020.

19000.

5300.

16900.

2800.

0.

6000.

9000.

8500.

I000.

0.

0.

0.

0.

9940.

0.

2000.

-477.

596.

-1160.

II
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TABLE D.1.--Condnued.

O2

NO 2 + H = NO

NO + H = N

NO + 0 = N

O + N2 = NO

N + NO 2 =2.0NO

M + N20 = N2

O + N20 = N2

O + N20 =2.0NO

N20 + H = N2

NO2 + H2 = HNO2

OH + NO2 = HN03
THIRDBODY

0.70 H2

OH + NO =

HNO + H =

H + NO ----

HNO + OH ---

+ OH 3.47E+14

+ OH 2.63E+14

+ 02 3.8E+9

+ N 1.80E+14

4.0E+12

+ 0 6.92E+23

+ 02 1.0E+I4

6.92E+13

+ OH 7.59E+13

+ H 2.4E+13

+ M 3.0E+15

1.4 END

HNO2 + M 5.6E+15

H2 + NO 5.0E+I2

HNO + M 5.4E+15

H20 + NO 3.6E+13

0°

0.

I.

0.

0.

-2.5

0.

0.

0.

0.

0.

0.

0.

0.

0.

AR

Tim CH3OH

&prob rhocon=.true., print=4.0E-4,5.0E-4,6.5E-4, &end

&start t=1300.0, _t_lhg=.true., p=760.0, eratio=2.0, scc=l.0,

sch=4.0, scox=l.0, &end

CN

CH

N

END

&solver

FINIS

LSENS

NEW

CH3

M

H

CH4

O

OH

CH3

CH3

M

CH3

H

O

OH

M

C2H5

H

CH3

H

M

C2H4

C2H4

C2H4

C2H4

M

C2H3

C2H3

C2H3

C2H3

C2H3

C2H3

M

C2H2

C2H2

C2H2

C2H2

C2H

C2H

C2HO

C2HO

C2HO

C2HO

C2HO

C2HO

C2H20

C2H20

C2H20

C2H20

C2H20

0.000001

0.00001

0.000001

en_x=5.0E-4, atolsp=l.0E-12, &end

PROPANE-AIR WELL-STIRPJED REACTOR + ROCKET EXP; EMAX=I0-4

C3H8 = C2H5 + CH3 5.0E+15

+ C3H8 = CH4 + C3H7 3.55E+12

C3H7 = C2H4 + CH3 3.0E+14

+ CH4 = CH3 + H 2.0E+17

+ CH4 = CH3 + H2 1.26E+14

+ 02 = CH3 + HO2 7.94E+13

+ CH4 = CH3 + OH 1.9E+14

+ CH4 = CH3 + H20 2.5E+13

+ 02 = CH30 + O 2.4E+13

+ OH = CH30 + H 6.3E+12

+ CH30 = CH20 + H 5.0E÷13

+ CH3 = C2H6 2.4E+14

+ C2H6 = C2H5 + H2 1.32E+14

+ C2H6 = C2H5 + OH 1.13E+14

+ C2H6 = C2H5 + H20 8.7E+13

+ C2H5 = C2H4 + H 1.0E+I7

+ 02 = C2H4 + H02 2.0E+12

+ C2H5 = C2H4 + H2 4.8E+13

+ CH2 = C2H4 + H 2.0E+13

+ C2H4 = H2 + C2H3 1.5E+14

+ C2H4 = C2H2 + H2 2.6E+17

+ OH = C2H3 + H20 4.8E+12

+ OH = CH3 + CH20 2.0E+12

+ O = CH3 + HCO 3.3E+12

+ 0 = CH20 + CH2 2.5E+13

+ C2H3 = C2H2 + H 3.0E+15

+ 02 = CH20 + HCO 3.98E+12

+ H = C2H2 + H2 6.0E+12

+ O = C2H20 + H 3.3E+13

+ OH = C2H2 + H20 5.0E+12

+ CH2 = C2H2 + CH3 3.0E+13

+ C2H =2.0C2H2 3.0E+13

+ C2H2 = C2H + H 4.2E+16

+ O = CH2 ÷ CO 1.6E+14

+ 0 = C2HO + H 4.0E+14

+ OH = C2H + H20 6.3E+12

+ OH = C2H20 + H 3.2E+II

+ 02 = C2HO + O 5.00E+13

+ OH = C2HO + H 2.0E+13

+ 02 =2.0C0 + OH 1.46E+12

+ O =2.0CO + H 1.202E+12

+ OH =2.0HCO 1.0E+I3

+ H = CH2 + CO 5.0E+13

+ CH2 = C2H3 + CO 3.0E+13

+ CH2 = CH20 + C2H 1.0E+13

2.0C2HO = C2H2 +2.0CO 1.0E+I3

+ OH = CH20 + HCO 2.8E+13

+ OH = C2HO + H20 7.5E+12

+ N = CH3 + CO 1.13E+13

+ H = C2HO + H2 7.5E+13

+ 0 = C2HO + OH 5.0E+13

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

".4

0.

0.

0.

0.

0.

0.

0.

0.

0.

0

0

0

0

0

0

0.

0.

0.

0.

0.

0.

.0

0.0

0.0

0.0

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

1470.

50410.

41370.

76250.

0.

65000.

28020.

26630.

15100.

29000.

-3800.

-1700.

0.

-600.

0.

CASE ii

83500.

10300.

33200.

88000.

11900.

56000.

11720.

5010.

28680.

0.

21000.

0.

9700.

7850.

3520.

31000.

5000.

0.

0.

10200.

79300.

1230.

960.

1130.

5000.

32000.

-250.

0.

0.

0.

0.

0.

107000.

9890.

10660.

7000.

200.

1500.

0.

2500.

0.

0.

0.

0.

2000.

0.

0.

3000.

3428.

8000.

8000.



C2H20+ O
M + C2H20
C2H + O
CH30 + 02
CH30 + H
M ÷ CH20
CH20 + OH
CH20 + H

CH20 + O

CH3 + CH20

CH3 + HCO

CH3 + HO2

M + CH3

H + CH3

O + CH3

OH + CH 3

CH + CO2

CH + 02

CH2 + 02

CH2 + 0

CH2 + OH

CH2 + H
CH2 ÷ CH2

CH2 + CH2

HCO + 02

HCO + 0

HCO + OH

HCO + H

M + HCO

CO + O

CO + 02

CO + OH

CO + HO2

O + H20
H + 02

O + H2
H + HO2

O + HO2

HO2 ÷ OH

H + HO2
H2 ÷ HO2

OH + H202

HO2 + HO2
H + H202

M + H202

THIRDBODY

H2 2.30

END

H2 + OH

H + 02

THIRDBODY
02 1.30

END

M + H20
THIRDBODY

H2 4.00

CO2 4.0

H + O

M + H2

THIRDBODY

H2 4. i0

END

M + 02

CH + N2

CN + H2

O + HCN

OH ÷ HCN

CN + 0

CN + OH

H2 + NCO

HNCO + H

CN + 02
CN + CO2

0 + NCO

N + NCO

H ÷ NCO

CH + NO

CH + NO

NH + OH

H02 + NO

O + NO2

NO + 0

O2

N2

02

END

O2

TABLE D.l.--Continucd.

= CH20 + CO

= CH2 + CO

= CO + CH

= CH20 + HO2

= CH20 + H2

= HCO + H

= HCO + H20

= HCO + H2

= HCO + OH

= CH4 + HCO

= CH4 + CO

= CH30 + OH

= CH2 + H

= H2 + CH2

= OH + CH2

= H20 + CH2

= HCO + CO

= HCO + O

= CH20 + 0

= CH + OH

= CH + H20

= CH + H2

= C2H3 + H

= C2H2 + H2

= CO + HO2

= CO + OH

= CO + H20

= CO + H2

= H + CO

= CO2 + M

= CO2 + 0

= CO2 + H

= CO2 + OH

= OH + OH

= OH + O

= OH + H
= H2 + 02

= OH + 02

= H20 + 02

=2.0OH

= H202 + H

= H20 + H02

= H202 + 02

= OH + H20

=2.0OH

.78 H20

= H20 + H

= HO2 + M

i. 3 H20

= H + OH

1.5 H20

= OH + M

= H + H

2.0 H20

= O ÷ O

= HCN + N

= HCN + H

= OH + CN

= HNCO + H

= CO + N

= NCO + H

= HNCO + H

= NH2 + CO

= NCO ÷ 0

= NCO + CO

= NO + CO

= N2 + CO

= NH ÷ CO

= N + HCO

= O + HCN

= N + H20

= NO2 + OH

= NO + 02

= NO2 + M

2.0E+13 0.

2.0E+16 0.

5.0E+13 0.

1.0E+I3 0.

2.0E+13 0.

5.0E+16 0.

3.0E+13 0.

2.5E+13 0.

3.5E+13 0.

1.0E+I0 0.5

3.0E+II .5

2.0E+13 0.

1.95E+16 0.

2.7E+II .67

1.9E+II .68

2.7E+II .67

3.7E+12 0.

1.0E+I3 0.

5.0E+II 0.5

2.0E+II .7

5.0E+II .5

3.2E+II 0.7

5.0E+12 0.

4.0E+13 0.

3.0E+13 0.

3.0E+13 0.

3.0E+13 0.

2.0E+13 0.

2.9E+14 0.

2.4E+15 0.

2.5E+12 0.

4.17E+II 0.

5.75E+13 0.

6.8E+13 0.

1.89E+14 0.

4.20E+14 0.

7.28E+13 0.

5.0E+13 0.

8.0E+12

1.34E+14 0.

7.91E+13 0.

6.1E÷12 0.

1.8E÷12 0.

7.8E÷II 0.

1.44E+17 0.

6.0 H202

4.74E+13 0.

1.46E+15 0.

21.3 CO2

1.30E+15 0.

20.0 N2

7.1E+18 -I.

2.2E+14 0.

15.0 N2

1.80E+18 -I.

1.0E+II 0.

6.0E+13 0.

1.4E+II .68

4.0E+II 0.

1.2E+13 0.

2.5E+14 0.

1.0E+I4 0.

1.0E+I4 0.

3.2E+13 0.

3.7E+12 0.

2.0E+13 0.

1.0E+I3 0.

2.0E+13 0.

1.6E+13 0.

2.0E+12 0.

5.0E+II 0.5

2.09E+12 0.

1.0E+I3 0.

5.62E+15 0.

0.

60000.

0.

7170.

0.

81000.

1200.

3990.

3510.

6000.

0.

0.

91600.

25700.

257 00.

25700.

0.

0.

6960.

25800.

5900.

4970.

0.

0.

0.

0.

0.

0.

15570.

4100.

47690

i000

22930

18365

16400

13750

2126.

i000.

0.

1070.

25000.

1430.

0.

0.

45510.

6.6

6098.

-i000.

7.0

105140.

1.5

0.

96000.

2.0

118020.

19000.

5300.

16900.

2800.

0.

6000.

9000.

8500.

i000.

0.

0.

0.

0.

9940.

0.

2000.

-477.

596.

-1160.

13
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TABLE D.l.--Confinued.

02

NO2 + H

NO + H

NO + 0
0 + N2

N ÷ NO2
M + N20

0 + N20

O + N20

N20 + H
NO2 + H2

OH + NO2

THIRDBODY

0.70

OH + NO

HNO + H

H + NO

HNO + OH

= NO + OH 3.47E+14 0.

= N + OH 2.63E+14 0.

= N + 02 3.8E+9 I.

= NO + N 1.80E+14 0.

=2.0NO 4.0E+12 0.

= N2 + 0 6.92E+23 -2.5

= N2 + 02 1.0E+I4 0.

=2.0NO 6.92E+13 0.

= N2 + OH 7.59E+13 0.

= HNO2 + H 2.4E+13 0.

= HNO3 + M 3.0E+15 0.

H2 1.4 END

= HNO2 + M 5.6E+15 0.

= H2 + NO 5.0E+12 0.

= HNO + M 5.4E+15 0.

= H20 + NO 3.6E+13 0.

AR

DISTANCE AREA

&prob welstr=.true., conc=.false., wsflow=.true.,

cx0=15.0, cxl=20.0, print=0.4,2.0,4.0, rocket=.true., htran= .true.,

htl=0.05, ht0=-42.88, pc= 73.5, athrot=2.325, &end

&wsprob dotmax=1600.0, delmd=800.0, mpr=l, volume=300.0,

wsrhtr=.true., wsrhtl=0.05, wsrht0=-42.88, &end

&start t=614.0, I>=5.0, mdot=10.0, molef=.false., x=0.2, &end
C3H8 0.0873262

N2 0.6892887

02 0.211232

AR 0.011737

CO2 0.0004162

END

&solver emax=l.0E-4, atolsp=l.0E-13, &end

FINIS

LSENS HIGH T_MPERATURE AIR IONIZATION
NEW

N + 02

O + N2

N + O

THIRDBODY

N20 2.25 END

O + O

M + N2

NO + 0

THIRDBODY

N2 1.55 END

M + N20

O + N20

NO+ + E

O+ + E

THIRDBODY

02 4.50 N

END

02 + E

THIRDBODY

N2 .00002 END

02 + O-

= NO + O 6.4E+09 I.

= NO + N 1.8E+14 0.

= NO + M 6.40E+16 -0.5

= 02 + M 5.7E+13 0.

= N + N 3.72E+21 -1.6

= NO2 + M 5.62E+15 0.

= N2 + O 6.92E+23 -2.5

= N2 + 02 1.0E+I4 0.

= N + 0 1.45E+21 -1.5

= 0 + M 2.00E+26 -2.5

0.03 NO 50.0 O

= 02- + M 1.52E+21 -I.

= 02- + O 6.00E+12 0.

END

DISTANCE AREA

&prob cx0=1000.0, dbugo=.true., order=.true.,

print=0.06,0.50,0.70, &end

&start I=1.6803, v--47002.0, t=4820.0, &end

N2 0.7905

02 0.2095

O2- 0.000000001

END

&solver emax=l.0E-3, atols1=l.0E-12, &end

FINIS

LSENS HIGH PRESSURE HYDROGEN - CARBON MONOXIDE REACTION

NEW

CH3 + OH = CH30 + H 6.3E+12 0.

M + CH30 = CH20 + H 5.0E+13 0.

CH30 + H = CH20 + H2 2.0E+13 0.

CH3 + HCO = CH4 + CO 3.0E+II .5

CH3 + NO2 = CH30 + OH 2.0E+13 0.

M CH4 = CH3 + H 2.0E+17 0.

H + CH4 = CH3 + H2 1.26E+14 0.

OH + CH4 = CH3 + H20 2.5E+13 0.

CH20 + H = HCO + H2 2.5E+13 0.

CH20 + OH = HCO + H20 3.0E+13 0.

M + CH20 = H + HCO 5.0E+16 0.

1470.

50410.

41370.

76250.

0.

65000

28020

26630

15100

29000

-3800

-1700.

0.

-600.

0.

CASE 12

6250.

76250.

0.

-1790.

225000.

-i160.

65000.

28020.

0.

0.

.03

1190.

0.

CASE 13

0.

21000.

0.

0.

0.

88000.

11900.

5010.

3990.

1200.

81000.



TABLE D.1.--Conunued.

HCO + H = CO + H2

HCO + OH = CO + H20

M + HCO = H + CO

CO + OH = CO2 + H

CO + H02 = CO2 + OH

H + HO2 =2.0OH

H2 + HO2 = H202 + H

OH + H202 = H20 + HO2

M + H202 =2.0OH

2.0E+13 0.

3.0E+13 0.

2.9E+14 0.

4.17E÷II 0.0

5.75E+13 0.

1.34E+14 0.

7.91E+13 0.

6.1E+12 0.

1.44E+17 0.

THIRDBODY

H2 2.30 H202 6.6 H20 6.0 END

H2 + OH = H20 + H 4.74E+13 0.

M + H20 = H + OH 1.30E+15 0.

THIRDBODY

H2 4.00 CO2 4.0 H20 20.0 END

M + H2 = H + H 2.2E+14 0.

THIRDBODY

H2 4.10 H20 15.0 END

0.

0.

15570.

i000.

22930.

1070.

25000.

1430.

45510.

6098.

105140.

96000.

END

TIME

&prob print=l.0,l.E+6,l.E+8,l.E+9, combus=.trlle.,

rhocon=.tr_e., tcon=.true., &end

&start t=1000.0, p=100.0, &end

H2 0.99

CO 0.01

END

&solver emax=l.0E-3, atolsp=l.0E-12, &end

FINIS

LSENS HYDROGEN - OXYGEN LOW TEMPERATURE PHOTOLYTIC IGNITION

NEW

O + H20 = OH + OH

H + 02 = OH + O

O + H2 = OH + H

H + HO2 = H2 + 02

O + HO2 = OH + 02

HO2 + OH = H20 + 02

H + HO2 =2.0OH

H2 + HO2 = H202 + H

OH + H202 = H20 + HO2

H02 + HO2 = H202 + 02

H + H202 = OH + H20

M + H202 = OH + OH

THIRDBODY

H2 2.30 02 .78 H20

END

H2 + OH = H20 + H

H + 02 = HO2 + M

THIRDBODY

02 1.30 H2 3.0 H20

M + H20 = H + OH

THIRDBODY

H2 4.00 02 1.5 H20

H + O = OH + M

M + H2 = H + H

THIRDBODY

H2 4.10 02 2.0 H20

M + 02 = 0 + O

HNU + H2 >2.0H

HNU + 02 >2.00

CASE 14

6.8E+13 0. 18365.

1.89E+14 0. 16400.

4.20E+14 0. 13750.

7.28E+13 0. 2126.

5.0E+13 0. i000.

8.0E÷12 0.

1.34E+14 0. 1070.

7.91E+13 0. 25000.

6.1E+12 0. 1430.

1.8E+12 0. 0.

7.8E+II 0. 0.

1.44E+17 0. 45510.

6.0 H202 6.6

4.74E+13 0. 6098.

1.46E+15 0. -I000.

21.3 END

1.30E+15 0. 105140.

20.0 END

7.1E+18 -i. 0.

2.2E+14 0. 96000.

15.0 END

1.80E+18 -i. 118020.

.003 0. 0.

.005 0. 0.

END

TIME

&prob rhocon=.true., iprint=100, combus=.true., end=l.0173, &end

&start t=700.0, p=2.0, &end

H2 0.667

02 0.333

END

&solver emax=l.0E-6, atolsp=l.0E-ll, &end

FINIS

LSENS METHANE AIR MECHAN.; MON. DECR. TABULAR AREAWITH APRINT CASE 15

NEW

M + CH4 = CH3 + H 2.0E+17 0. 88000.

H + CH4 = CH3 + H2 1.26E+14 0. 11900.

CH4 + 02 = CH3 + H02 7.94E+13 0. 56000.

O + CH4 = CH3 + OH 1.9E+14 0. 11720.

OH + CH4 = CH3 + H20 2.5E+13 0. 5010.

CH3 + 02 = CH30 + O 2.4E+13 0. 28680.

CH3 + OH = CH30 + H 6.3E+12 0. 0.

M + CH30 = CH20 + H 5.0E+13 0. 21000.

CH3 + CH3 = C2H6 2.4E+14 -.4 0.

H + C2H6 = C2H5 + H2 1.32E+14 0. 9700.

15
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O + C2H6 = C2H5

OH + C2H6 = C2H5

M + C2H5 = C2H4

C2H5 + 02 = C2H4

H + C2H5 = C2H4

CH3 + CH2 = C2H4

H + C2H4 = H2

M + C2H4 = C2H2

C2H4 + OH = C2H3

C2H4 + OH = CH3

C2H4 + O = CH3

C2H4 + O = CH20

M + C2H3 = C2H2

C2H3 + 02 = CH20

C2H3 + H = C2H2

C2H3 + O = C2H20

C2H3 + OH = C2H2

C2H3 + CH2 = C2H2

C2H3 + C2H =2.0C2H2

M + C2H2 = C2H

C2H2 + O = CH2

C2H2 + O = C2HO

C2H2 + OH = C2H

C2H2 + OH = C2H20

C2H + 02 = C2HO

C2H + OH = C2HO

C2HO + 02 =2.0CO

C2HO + O =2.0CO

C2HO + OH =2.0HCO

C2HO + H = CH2

C2HO + CH2 = C2H3

C2HO + CH2 = CH20

2.0C2HO = C2H2

C2H20 + OH = CH20

C2H20 + OH = C2HO

C2H20 + H = CH3

C2H20 + H = C2HO

C2H20 + O = C2HO

C2H20 + O = CH20

M + C2H20 = CH2

C2H + O = CO

CH30 + 02 = CH20

CH30 + H = CH20

M + CH20 = HCO

CH20 + OH = HCO

CH20 + H = HCO

CH20 + O = HCO

CH3 + CH20 = CH4

CR3 + HCO = CH4

CH3 + HO2 = CH30

M + CH3 = CH2

H + CH3 = H2

O + CH3 = OH

OH + CH3 = H20

CH + CO2 = HCO

CH + 02 = HCO

CH2 + 02 = CH20

CH2 + O = CH

CH2 + OH = CH

CH2 + H = CH

CH2 + CH2 = C2H3

CH2 + CH2 = C2H2

HCO + 02 = CO

HCO + O = CO

HCO + OH = CO

HCO + H = CO

M + HCO = H

CO + O = CO2

CO + O2 = CO2

CO + OH = CO2

CO + HO2 = CO2

O + H20 = OH

H + 02 = OH

O + H2 = OH

H + HO2 = H2

O + HO2 = OH

HO2 + OH = H20

H + HO2 =2.0OH

H2 ÷ HO2 = H202
OH + H202 = H20

HO2 + HO2 = H202

H + H202 = OH

TABLE D.l.----Continued.

+ OH

+ H20

+ H

+ HO2

+ H2

+ H

+ C2H3

+ H2

+ H20

+ CH20

+ HCO

+ CH2

+ H

+ HCO

+ H2

+ H

+ H20

+ CH3

+ H

+ CO

+ H

+ H20

+ H

+ O

+ H

+ OH

+ H

+ CO

+ CO

+ C2H

+2.0CO

+ HCO

+ H20

+ CO

+ H2

+ OH

+ CO

+ CO

+ CH

+ H02

+ H2

+ H

+ H20

+ H2

+ OH

+ HCO

+ CO

+ OH

+ H

+ CH2

+ CH2

+ CH2

+ CO

+ O

+ O

+ OH

+ H20

+ H2

+ H

+ H2

+ HO2

+ OH

+ H20

+ H2

+ CO

+ M

+ O

+ H

+ OH

+ OH

+ O

+ H

+ 02

+ 02

+ 02

+ H

+ HO2

+ 02

÷ H20

1.13E+14

8•7E+13

1.0E+I7

2.0E+12

4.8E+13

2•0E+13

1.5E+14

2.6E+17

4.8E+12

2.0E+12

3.3E+12

2.5E+13

3.0E+15

3.98E+12

6.0E+12

3.3E+13

5.0E+12

3.0E+13

3.0E+13

4.2E+16

1.6E+14

4.0E+14

6.3E+12

3.2E+11

5.00E+13

2.0E+13

1.46E+12

1.202E+12

1.0E+I3

5.0E+13

3.0E+13

1.0E+I3

1.0E+I3

2.8E+13

7.5E+12

1.13E+13

7.5E+13

5.0E+13

2.0E+13

2.0E+16

5.0E+13

1.0E+I3

2.0E+13

5.0E+16

3.0E+13

2.5E+13

3.5E+13

1.0E+I0

3.0E+II

2.0E÷13

1.95E+16

2.7E+II

I.gE+II

2.7E+II

3.7E+12

1.0E+I3

5.0E+II

2.0E+II

5.0E+II

3.2E+II

5.0E+12

4.0E+13

3.0E+13

3.0E+13

3.0E+13

2.0E+13

2.9E+14

2.4E+15

2.5E+12

4.17E+II

5.75E+13

6.8E+13

1.89E+14

4.20E+14

7.28E+13

5.0E+13

8.0E+12

1.34E+14

7.91E+13

6.1E+12

1.8E+12

7.8E+II

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

.0

0.0

0.0

0.0

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.5

.5

0.

0.

• 67

.68

.67

0.

0.

0.5

.7

.5

0.7

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0

0

0

0

0

0

0

0

0

0

7850.

3520.

31000.

5000.

0.

0.

10200•

79300.

1230.

960.

1130.

5000.

32000.

-250.

0.

0.

0.

0.

0.

107000.

9890.

10660.

7000.

200.

1500.

0.

2500.

0.

0.

0.

0.

2000.

0.

0.

3000.

3428.

8000.

8000.

0.

60000.

0.

7170.

0.

81000•

1200.

3990.

3510.

6000.

0.

0.

91600•

25700•

25700.

25700.

0.

0.

6960.

25800•

5900.

4970.

0.

0.

0.

0.

0.

0.

15570•

4100.

47690.

i000•

22930•

18365•

16400.

13750.

2126.

i000.

0.

1070.

25000.

1430.

0.

0.



TAB LE D.I .---Continued.

M + H202 =2.0OM 1.44E+17 0. 45510.

THIRDBODY

H2 2.30 02 .78 H20 6.0 H202 6.6

END

H2 + OH = H20 + H 4.74E+13 0. 6098.

H + 02 = HO2 + M 1.46E+15 0. -i000.
THIRDBODY

02 1.30 N2 1.3 H20 21.3 CO2 7.0

END

M + H20 = H + OH 1.30E+15 0. 105140.

THIRDBODY

H2 4.00 02 1.5 H20 20.0 N2 1.5

C02 4.0 END

H + 0 = OH + M 7.1E+18 -I. 0.

M + H2 = H + H 2.2E+14 0. 96000.

THIRDBODY

H2 4.10 02 2.0 H20 15.0 N2 2.0

END

M + 02 = O + O 1.80E+18 -i. 118020.

CH + N2 = HCN + N 1.0E+II 0. 19000.

Clq + H2 = HCN + H 6.0E+13 0. 5300.

O + HCN = OM + CN 1.4E+II .68 16900.

OH + HCN = HNCO + H 4.0E+II 0. 2800.

CN + O = CO + N 1.2E+13 0. 0.

CN + OH = NCO + H 2.5E+14 0. 6000.

H2 + NCO = HNCO + H 1.0E+I4 0. 9000.

HNCO + H = NH2 + CO 1.0E+I4 0. 8500.

CN + 02 = NCO + O 3.2E+13 0. i000.

CN + CO2 = NCO + CO 3.7E+12 0. 0.

O + NCO = NO + CO 2.0E+13 0. 0.

N + NCO = N2 + CO 1.0E÷I3 0. 0.

H + NCO = NH + CO 2.0E+13 0. 0.

CH + NO = N + HCO 1.6E+13 0. 9940.

CH + NO = O + HCN 2.0E+12 0. 0.

NH + OH = N + H20 5.0E+11 0.5 2000.

HO2 + NO = NO2 + OH 2.09E+12 0. -477.

O + NO2 = NO + 02 1.0E+I3 0. 596.

NO + O = NO2 + M 5.62E+15 0. -i160.

NO2 + H = NO + OH 3.47E+14 0. 1470.

NO + H = N + OH 2.63E+14 0. 50410.

NO + O = N + 02 3.8E÷9 I. 41370.

O + N2 = NO + N 1.80E+14 0. 76250.

N + NO2 =2.0NO 4.0E+12 0. 0.

M + N20 = N2 + O 6.92E+23 -2.5 65000.

O + N20 = N2 + 02 1.0E+14 0. 28020.

O + N20 =2.0NO 6.92E+13 0. 26630.

N20 + H = N2 + OH 7.59E+13 0. 15100.

NO2 + H2 = HN02 + H 2.4E+13 -0. 29000.

OH + NO2 = HNO3 + M 3.0E+15 0. -3800.

THIRDBODY

02 0.70 H2 1.4 END

OH + NO = HNO2 + M 5.6E+15 0. -1700.

HNO + H = H2 + NO 5.0E+12 0. 0.

H + NO = HNO + M 5.4E+15 0. -600.

HNO + OH = H20 + NO 3.6E+13 0. 0.

END

DISTANCE AREA

&prob xtb = 0.0,5.0,10.0,15.0,20.0,25.0,30.0,32.0,34.0,36.0,38.0,40.0,42.0,44.0,

atb= 1200.0, I180.0, i160. o, i140.0, I120.0, Ii00.0, I080. o, i060. o, I040.0, i020. o,

i000.0, 980.0, 960.0, 940.0,

aprint = 1180.0, i150., iii0., 950.0, &end

&start t--1600.0, mach=2.0, p=1.730, &end

CH4 0.049768

02 0.199072

N2 0.75116

CN 0. 0000001

END

&solver emax=l. 0E-5, atolsp=l. 0E- 14, &end
FINIS

LSENS METHANE - AIR WITH TAB. AREA PROFILE OF CASE 15, BUT PRINT ASSIG; CASE 16

REPEAT

DISTANCE AREA

&prob xtb = 0.0,5.0,i0.0,15.0,20.0,25.0,30.0,32.0,3&.0,36.0,38.0,40.0,42.0,44.0,

atb= 1200.0, I180.0, i160.0, I140.0, I120.0, II00.0, I080.0, I060.0, i040.0, i020.0,

i000.0, 980.0, 960.0, 940.0,

print = 5.0, 12.4954, 22.4363, 43.0002, &end

&start t=1600.0, mach=2.0, 13=1.730, &end

CH4 0.049768

02 0. 199072

N2 0.75116

CN 0. 0000001

17



TAB LED. 1.---Concluded.

END

&solver emax=l. 0E- 5, atolsp=l. 0E- 14, &end
FINIS

18



CC

TABLE D.2.---SELECTED KINETICS TEST CASE RESULTS

(a) Case 1

i(_ DATA LINES wI(

1 2 3 _ 5 6 7 B
_2_456789_2_4567_9_2_656789_456_89_25456789_456789_23_4_6_89_234_67g9_

LSENS BROMINE DISSOCIATION IN A SHOCK TUBE
M ÷ BR2 =2.OBR
THIRDBODY

BR2 3.80 END
- BLANK LINE -

XE
DISTANCE AREA

&prob lsubm=S2200.O, e_a:O.S, shock=.true.,
prin%=O.05,Z.O,4.0, &end

&s_ar% p=O,iZ27, mach=3.2646, t=299.9, &end
BR2 0.01
XE 0.99

END
&solver emax=l.eE-2, a%olsp=t. OE-lO, &end

FINIS

CASE 1
6.99E+11 0.50 35500.

_w_ THE FOLLONIHG

BR XE

_x THE FOLLONIN6

BR2 BR

_ THE FOLLONING

XE

BRZ

0.4447949_E+01
0.38469579E+01

BR

0.20843208E+01
0.24611552E+01

2 ELEMENTS CONSIDERED FOR THIS PROBLEM w_

2 REACTING SPECIES CONSIDERED FOR THIS PROBLEM _X_

i INERT SPECIES CONSIDERED FOR THIS PROBLEM _

_ THERMODYNAMIC DATA, MOLECULAR NEIGHT AND HEAT OF FORMATION AT 25 C _W_

MNT = 159.81799316

0.10051200E-03 -0.16393816E-07
0.26111040E-02 -0.40034147E-05

M(25 C) = 7.$874E+03 CAL/MOLE

0.22695621E-11 -0.10236774E-15 0.23659941E+04 0.40888429E+01
0.28120688E-08 -0.73256201E-12 0.24846985E+04 0.69696984E+01

MHT = 79.90899658

0.71949483E-03 -0.27_19924E-06
0.53319276E-03 -0.10080655E-05

H(25 C) = 2.6735E+04 CAL/MOLE
0.42;22649E~10 -0.23791569E-14 0.12858837E+05 O.90838003E+O1
D.12262126E-08 -0.44283511E-12 0.12711920E+05 0.69_94784E+01

XE HI4T = 131.28999329 H(25 C) = -2.6311E-13 CAL/MOLE
0.25000000E÷01 O.O0000OOOE+OO O.O0000000E+OO O.O000BOOOE+O0 O.O0000000E+O0 -0.74537500E+03 0.61512742E+01
0.25000000E+01 O.OOBOOOOOE+OO O.OO000OOBE+O0 O.O00OOOOOE+00 O.O00000OOE+OO -0.74587500E+03 0.61512742E+01

PRESSURE
(ATM)

VELOCITY
(CM/$EC)

DENSITY

TEMPERATURE
(BEG K)

ENTHALPY
(CAL/G)

INTERNAL ENERGY
(CAL/G)

SP. HEAT (CP)
(CAL/G/DEG K)

ENTROPY

(CAt/G/BEG K)
MACH NUMBER

GAMMA

SONIC VELOCITY
(CM/SEC)

MIXTURE MOLECULAR NEIGHT

D(LOG VOLUME)/D(LOG T)

AT CONSTANT P

9(LOG VOLUME)/D(LOG P)
AT CONSTANT T

_ EQUILIBRIUM SHOCK CALCULATION _

INITIAL STATE FINAL STATE FINAL/INITIAL RATIO

0.1227 7.6130 13,1_60

57877.96 18108.93 0.3129

6.56043E-04 2.09678E-03 5.1961

299.90 1251.23 4.1055

0.62802 36.74173 58.50399

-8.90133 18.11191 -4.64249

0.03804 0.04279 1.12498

0.8422 0.3576 1.0451

3.26_6 0.5172 0.1584

1.6586 1.5471 0.9328

17728.96 35015.09 1.9751

SPECIES MOLE FRACTION
DR2 8.I1B84E-03
BR 3.72507E-03

XE 9.88156E-01

131.33022

1,0161

-1.0005

COMPUTATIONAL NORK REQUIRED FOR EQUILIBRIUM SHOCK CALCULATIQNI

NO. OF ITERATIONS = 2 CPU TIME = 1.999998E-02 S
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PRESSURE
CATM)

VELOCITY
(CM/SEC)

DENSITY

TEMPERATURE
_OEG K)

ENTHALPY

(CAL/G)
INTERNAL ENERGY

CCAL/G)

SP. HEAT (CP)
(CAL/G/DEG K)

ENTROPY
(CAL/G/DEG K)

MACH NUMBER

GAMMA

SONIC VELOCITY
¢CM/SEC)

MIXTURE MOLECULAR HEIGHT

D(LOG VOLUME)/D(LOG T)

AT CONSTANT P

DCLOG VOLUME)/D(LOG P)
AT CONSTANT T

TABLE D.2.--Confinued.

(a) Continued.

_ FROZEN SHOCK CALCULATION _

INITIAL STATE FINAL STATE FINAL/INITIAL RATIO

0,1227 1.6017 13.0535

57877.96 lB_II.41 0.3181

6.36045E-0_ 2.06233E-03 3.1_36

299.90 12_5.51 4.152_

0.62802 36.60887 58.292_3

-3.90133 17.B0106 -_,56282

O.OSBO_ 0.03807 1.0005_

0.3_22 0.3575 1.0_9

3.26_6 0.5098 0.1562

1.6586 1.6577 0.9994

17728.96 36117.20 2.0372

SPECIES MOLE FRACTION
BR2 1.OOO00E-O2

BR O.O0000E+O0
XE 9.90000E-OL

131.57327

1.0000

-Z.OOOO

COMPUTATIONAL HORK REQUIRED FOR FROZEN SHOCK CALCULATION,
NO. OF ITERATIONS = 2 CPU TIME = O.O00000E+O0 S

REACTION
NUMBER

DISTANCE-AREA VERSION LEHIS SENSITIVITY AND GENERAL KINETICS PROGRAM NASA LENIS RESEARCH CENTER

LSEHS BROMINE OISSOCIATZON IN A SHOCK TUBE CASE 1

+ Z_BR2

REACTION

= Z_BR

REACTION RATE VARIABLES
A N ACTIVATION

ENERGY
6.99000E+11 0.5000 35500.00

ALL THIRD BODY RATIOS ARE I.O EXCEPT THE FOLLOHING

MCBRZ • 1) = 3.80000

_w ._ INPUT DATA GIVEN IN COS UNITS _ w_ OUTPUT REQUIRED IN CGS UNITS _

_ ASSIGNED VARIABLE PROFILE _

THE AREA IS CALCULATED FROM THE FOLLONING FUHCTION

(SHOCK TUBE CROSS-SECTIONAL AREA)/(AREA) = 1 - (X CCM)/ 32200.000)_(

' INTEGRATION METHOD (MF)= 21

0.50000)

NUMBER OF REACTING SPECIES= 2

NUMBER OF INERT SPECIES= 1

NUMBER OF SPECIES OUErS REQUIRED FOR THIS CASE= 2

TOTAL NUMBER OF OUE'S REQUIRED FOR THIS CASE= 5

INTEGRATION CONTROLS

14AXIMUM RELATIVE ERROR= 1.00000E-02 SPECIES ABSOLUTE ERROR=

MAXIMUM NUMBER OF STEPS ALLONED FOR THE COMPLETE PROBLEM= 2000

I.O000OE-ZO

OUTPUT REQUIRED AT FOLLONING S PRINT STATIONS _

STATION AXIAL DISTANCE CCM)

I 5.00000E-02
Z 2.00000E+O0
3 4.00000E÷O0
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TABLE D.2.--42ontinued.

(a) Continued.

_ INITIAL CONDITIONS _K

TIME O.O000OE+OO SEC AREA 1.O0000E+O0 AXIAL POSITION O.O0000E+O0 OH

FLON PROPERTIES

PRESSURE

{ATM)
VELOCITY
(CM/SEC)

DENSITY

TEMPERATURE

[DEG K)
MASS FLUX

(G/SEC/CM_WZ)

ENTROPY
(CAL/G/DEG K)

MACH NUMBER

GAMHA

ENTHALPY
(CAL/G)

5P. HEAT (CP1

(CAL/G/DEG X)

1.60167

18_11.41

2.06ZSSE-OS

12_5.31

3.79704E+01

0.5575

0.5098

1.6577

3.66089E+01

3.BO671E-OZ

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O.O0000E÷O0

METHOD ORDER 0

TOTAL NUMBER QF STEPS 0

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIONS 0

CHEMICAL PROPERTIES

SPECIES CONCENTRATION MOLE FRACTION

(MOLES/CM_3)
BR2 1.567_1E-07 I.O000BE-Q2
DR O.O0000E+O0 O.O0000E+O0
XE 1.55174E-05 9.90000E-01

DERIVATIVES (COS UNITS)I T

MIXTURE MOLECULAR HEIGHT 131.57527

NET SPECIES PRODUCTION REACTION RATE CONST

RATE (MOLE/CM_3/SEC) NUMBER CGS UNITS
-3.6669_E-05 I 1._51gE+07

7.S3SB9E-D5
O.O000OE+O0

5,00570E+00 RHO 1.73597E-05 V

TOTAL ENERGY EXCHANGE RATE 3.97306E+05

(CAL-CM_X3/GWWZ/SEC)

NET REACTION CONV RATE
CMOLE-CH_S/G_2/SEC)

8.6Z161E+O0

-5.36590E+02

MASS FRACTION SUM

NET RATE/POSI-
TIVE DIN RATE

l. O0000

1.00000000

CPU TIME FOR INITIALIZATION OF LSENS = 0.860000 S

TIME 2.71785E-06 SEC

FLOH PROPERTIES

PRESSURE

{ATM)
VELOCITY

(CM/SEC)
DENSITY

CO/CM_S)

TEMPERATURE
CDEG K)

MASS FLUX
CG/SEC/CM_Z)

ENTROPY
CCAL/G/DEG K)

MACH NUMBER

GAMMA

ENTHALPY
(CAL/G)

SP. HEAT CCP)
(CAL/G/OEG K)

SPECIES COHCENTRATION HOLE FRACTION
(MOLES/CMXX$)

DR2 1.56697E-07 9.99357E-03
BR 1.9979_E-10 1.27421E-05

XE 1.SSZZDE-O5 9.Bg99_E-01

DERIVATIVES (CGS UNITS)z T

MIXTURE MOLECULAR NEIGHT 131.57_

AREA I.O01Z5E÷O0

1.60250

18389.24

2.06506E-05

1245.51

3.79855E+01

0.5575

0.5091

1.6577

3.66186E+01

3.80671E-02

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE CONST

RATE (HOLE/CM_3/SEC) NUMBER CGS UNITS
-3.67572E-05 1 1.4555E+07

7.351_4E-05
O.O0000E÷OO

2.61QGBE+QO RHO 1.1356_E-05 V

TOTAL ENERGY EXCHANGE RATE 3.97974E÷05

(CAL-CM_WS/G_Z/SEC)

AXIAL POSITION

INTEGRATION INDICATORS

STEPS FROM LAST PRINT

AVERAGE STEP SIZE

METHOD ORDER

TOTAL NUMBER OF STEPS

FUNCT EVALUATIONS

JACOBEAN EVALUATIONS

NET REACTION CONV RATE

(MOLE-CM_WS/Gw_2/SEC)
B.63612E+O0

-3.50484E+02

MASS FRACTION SUM

S.O0000E-02 CM

0.142_3E-01

1

4

5

2

NET RATE/POSI-
TIVE DIN RATE

0.99999

l.OOO00000

COMPUTER TIME (CPU) REQUIRED_ FOR THIS STEP - 1.99999BE-02 S UP TO THIS TIME - 1.999998E-02 S
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TABLE D.2.----Continued.

(a) Concluded.

TIME Z.195_0E-0_ SEC AREA 1.011Z7E+00 AXIAL POSITION q.OOOOOE+O0 CM

FLON PROPERTIES

PRESSURE 1.61360
(ATM)

VELOCITY 18091.45

(CM/SEC)
DENSITY Z.07BZ7E-B5

(G/CM_3)
TEMPERATURE 12_q.55

(DE6 K)
MASS FLUX 5,80227E+01

(G/SEC/CfC-xKZ)
ENTROPY 0.3576

(CAL/G/OEG K)

NACH NUHBER 0.5009

GAHNA 1.6581

ENTHALPY 5.67484E+01
(CAL/G)

SP. HEAT (CP) 5.BO723E-OZ

(CAL/G/DEG K)

INTEGRATION INDICATORS

STEPS FROM LAST PRINT Z

AVERAGE STEP SIZE 0,1_060E+01

METHOD ORDER Z

TOTAL NUNBER OF STEPS 1D

FUNCT EVALUATIONS 14

JACOBZAN EVALUATIONS 5

CHEMICAL PROPERTIES

SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION RATE CONST

(MOLES/CMKxS) RATE (HOLE/CM_S/SEC) NUMBER CGS UNITS
BR2 1.50195E-07 9.5041BE-03 -3.SZBIIE-05 Z 1._$54E+07
BR 1.55159E-OH 9.B1828E-O_ 6.65621E-05
XE 1.5657_E-05 ?.B951qE-01 O.OOOBOE+OO

DERIVATIVES (CGS UNITS)= T -5.00701E-OL RNO 3,1OSBBE-06 V

HIXTURE MOLECULAR HEIGHT 151,51068 TOTAL ENERGY EXCHANGE RATE 3.55082E+05

(CAL-CN_KS/G_Z/SEC)

NET REACTION CONV RATE

(MOLE-CM_5/G_2/SEC)
7.70535E+00

-5.25083E+OI

MASS FRACTION SUM

NET RATE/POSI-
TIVE OIR RATE

0.95156

1.00000000

COHPUTER TIME (CPU) REQUIRED: FOR THIS STEP - O.O000OOE+O0 S
q UP TO THIS TIME - 3.OO0003E-02 S

(LSENS) END OF THIS CASE

SUMMARY OF COMPUTATIONAL NORK REQUIRED FOR PROBLEM=

TOTAL NO. OF STEPS - 10

TOTAL NO. OF DERIVATIVE EVALUATIONS - 1_
TOTAL NO, OF JACODZAN EVALUATIONS - 5
TOTAL CPU TIRE - 0.030000 S

TOTAL CPU TIRE (INCLUDING I/0) REQUIRED = 1.010000 S

(LSENS) READ DATA FOR NEXT CASE
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REACTION
NUMBER

S
4

7
B

)1
1Z
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2B
29
30
31
32
33
34
35
36

MCH2
HCO2
H(H2
H(H2
HID2

TABLE D.2.--.-Continued.

Co) Case 2

LENI5 SENSITIVITY AND GENERAL KINEIICS PROGRAM NASA LEH1S KESEAXCJ! CEN|ERDISTANCE-AREA VERSIOH

L5EH5 HYDROGEN - AIR TEST HITH HEAT TRAHSFER 5TOICH CASE 2

REACTION REACTION RATE VARIABLES
A H ACTIVATION

ENERGY
I_O + I_H2O = 2KOH 6.80000E÷13 0.0000 IBS6S.00
IWH ÷ IWO2 = 1WOH + l_O 1.89000E+I4 0.0000 16400.00
I_D ÷ IZH2 = ]xOH + I_H _.20000E+I4 0.0000 13750.00
I_H ÷ IKHO2 = INH2 + IWO2 7.28000E+13 0.0000 2126.00
|NO ÷ I_H02 I_OH + I_OZ 5,000DOE+IS 0.0000 1000,00
IWHO2 ÷ I_OH = IXH20 ÷ IWO2 0,00000E+$2 0.0000 0.00
IKH + I_HO2 2_OH 1.34000E+14 0.0000 1070.00
I_H2 ÷ l_HO2 = IWH202 ÷ I_H 7.91000E+18 0.0000 25000.00
1WOH ÷ IMH20Z IWH20 + I_HO2 6,10000E+12 0.0000 1630.00

2XHO2 IWH202 + IXO2 1,80000E_12 0.0000 O.OO
IXH + lXH2D2 = IWOH + ]XHBO 7.EOOOOE÷lI 0.0000 0.00

M t I_HZD2 x 2WOH I.q4000E_17 0.0000 RSSlO.0O
1WH2 + ]XOH 1WH20 + ]_H ;.76000E413 0.0000 6090.00
I_H + IWO2 = 1wHO2 + H I.A6000EtlS 0.0000 -1000.00

M ÷ I_H2D ; INH ÷ IJOH I.SOOOOEl15 0.0000 105160.00
IwH _ l_O = I_OH + M 7.]0000Et]8 -1.0000 0.00

M + IwH2 = 2XH 2,20000E+14 0.0000 96000.00
M ÷ IxO2 2wO 1.80000E410 -1.0000 118020.00

IWHOZ ÷ I_HO = IWtlO2 • IXOH 2.09000E412 0.0000 -_77.00
IXD ÷ IWNO2 = IWHO + l_OE 1,00000EtI3 0.0000 596.00
IINO + 1WO : lXNO2 + M 5.62000E*15 0.0000 -1160.00
]WNO2 ÷ imH 1_D0 + I_OH 3.67000E_1_ 0.0000 1_70.00
]_llO + IWO = IWH + IWO2 3.80000E+09 1.0000 41370.00
IWO + I_N2 lwNO ÷ 1_1_ 1.80000E_1_ 0.0000 76250.00
1WOO + lXH : ]WN t I_OH 2.65000E_]_ 0.0000 50_]0.00

H + I_N20 : IWN2 • 1wO 6.92000Et25 -2,5000 65000.00
l_O + l_N20 lWlI2 ÷ 1_02 I.OOOOOE_16 0.0000 28020.00
l_O + I_N20 = 2WNO 6.92000E_1_ 0.0000 26630.00
IeN ÷ ]_NO2 2WHO q. O0000E+12 0.0000 O.OO
lW|lZO ÷ I_H ; 1_N2 * IwOH 7.59000E+13 0.0000 15100.00
I_NO2 + I_H2 I_HN02 ÷ I_H 2._OOQOE+)_ 0,0000 29000.00
IWOH ÷ l_N02 = I_HN03 + M 3.00000E+]5 0.0000 -8800.00
EKOH ÷ IWNO : Z_HIlO2 + M 5.60000E+]5 0.0000 -1700.00
I_HNO ÷ I_H IWH2 + I_NO 5.OOOOOE+]2 0.0000 0.00
IWH ÷ ]_l|O I_HNO ÷ H 5.GDO00E_IS 0.0000 "600.00
IXHNO ÷ l_OH = ]NH20 ÷ |_NO 3.60000E'13 O.0OOO 0.00

ALL THIRD DODY RATIOS ARE |.0 EXCEPT THE FOLLOHINO

, 12) = 2.30000 M(D2 , 12) = 0.78000 M(NZO , 12) = 6.00000 M(H2O2 , )2) = 6.60000
, 14) = 1.30000 M(N2 , 16) = 1.30000 H(HEO 1_) 21.80000 M(H2 1_) 3.00000
, ]5) = 4.00000 H(O2 , 15) = 1.50000 H(HEO , 15) = 20.00000 Mill2 , 15) = 1.50000
, 17) = 4.10000 H(02 , 17) = 2.00000 H(H20 , 17) = 15.00D00 M(H2 , 17) = 2.00000
, 52) = 0.70000 H(H2 , 32) = 1.40000

_ _EN INPUT OATA GIVEN IH COS UNITS wx _W OUTPUT REQUIRED IN CGS UI_ITS WN

XX ASSIGNED VARIABLE PROFILE _

THE AREA IS CALCULATED FROM THE FOLLONI_G POLYNOMIAL

AREA (CM_2) = { O,OOOOOE+OO)XWXS + ( 0.00000E+OO)X_W2 + I O.OOOOOE+OO)X + (2.00000Et03)

THE AREA HILL DE HELD COtiSTANT FOR THIS CASE

HEAT TRARSFER CASE, QDOT (CAL/CH-SEC) =

( O.OOO00EeOO)T_X4 * ( O.00000E÷OO)T_5 • O.00000E+OO)TN_2 _ ( 5.86300E+OO)T • (-4.2BOOOE_OI)

FUEL-AIR REACTION, FUEL-AIR EQUIVALENCE RATIO = 1.0000 OXYGEtl FRACTION IN AIR = 0.2095

IHTEGRATIQN METHOD (MF). 21

NUHBER OF REACTIUG SPECIES. 16

NUMBER OF INERT 5PECIESz 2

NUMBER OF SPECIES ODE'S REQUIRED FOR THIS CASE_ |6

TOTAL NUHBER DF ODE'S REOUIRED FOR THIS CASE_ |9

INTEGRATION CONTROLS

MAXIMUH RELATIVE ERROR, 5.00000E-0_ SPECIES ABSOLUTE ERROR_

HAXIMUM NUH8ER OF STEPS ALLOHEO FOR THE COMPLETE PROBLEM. 2000

I.OOO00E-12

_ OUTPUT REQUIRED AT FOLLOHING _ PRINT SIATIONS _w

SIATION AXIAL DISTAtlCE (CM)

_ 3,06800E+006,09600E(00
3 7.62000E+00
A 1.21900E+01
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TABLED.2,--Continued.
(b)Continued.

TIME 0.0O000E÷00 SEE

FLOH PROPERTIES

PRESSURE 0.95600

(ATM)

VELOCITY ASE9_5,6_
(CM/SEC)

D[ NSI TY 1. 56988E- 0A

(t;/CMx_3)
IIMPERAIURE 1559.00

(DEG K)

MASS FLON RATE 1.415S6E+O5

(G/SEC)

EHTROPY 2.6767

(CAL/G/DEG K)

HACH HUMBER 5.0000

GAMMA I._ISS

ENTHALPY _.5_652E÷02
(CAL/G)

SP. HEAT (CP} 3.91_2QE-01

(CAL/G/DEG KI

HEAT LOS_LQDOI/MDOI) = 6,_254E-02 CAL/(G-CM)

SPECIES COHCEO[RATION MOLE FRACTION

CMOLESICHx_$)

_ O.O0000E400 O,O0000E÷ODZO O.OODOOE400 O.O0000E+O0

OH O.O0000E+OO O.O0000E+O0

_2 O,O0000E÷O0 O,O000OE÷O01.10352E-06 1,47659E-01

H2 2,20665E-06 2.9527_E-01

1102 O,OO00CE_O0 O.O0000E÷O0
M202 O.O0000E_O0 Q,OOOOOE_O0

NO O.O0000E_O0 O.O0000E+O0

NO2 O.O0000E+O0 O.O0000E_O0

I! O.OOOOOE+O0 O.O0000E÷DO
112 _,ll2_SE-O& 5.50303E-01

N20 O,O0000E+OO O.O0000E+OQ

tll_02 0.0000CE+OO O.O0000E+ O0

01103 0. OQOOOEt O0 0. O000OE_O0

IINO 0, DOOOOE_O0 0. O000OE#O0
C02 1.57996E-09 2.1I_lgE'O_

AR 4.906_6E-08 6.56802E-03

DERIVATIVES (COS UNITS), T

MIXTURE MOLECULAR HEIGHT

_ INITIAL CONDITIONS _W

AREA Z.Q000OE_O3 Sq CM AXIAL POSHIEN O.00000E+00 CM

INTEGRATIOII IRDICAIUR3

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE 0.00000E+00

MEIHOD ORDER 0

TOIAL I|UMSEH OF STEPS 0

FUNCT EVALUATIOr_S O

JACOBIAN EVALUATIOOS O

ZI.0070_

CHEMICAL PRCPERTIES

NET SPECIES PRODUCTION REACTIOH
RATE (MOLE/CM_WS/$EC) NUMBER

6.7011SE-13 1

O.000OOE÷00 _O.O08DOE_O0

1.03759E-05 4

-1.03753E-05 S
-I.03786E-05 6

1,03753E-05 7

O.O0000E+O0 8

O.O0000E+O0 9

0,00800E+80 10
Q.OOQODE*O0 11

-1.26958E-13 12

1.26958E-I3 13
O.08000EtO0 1_

O.O0000E_08 15

O,O0000E+O0 16

O.O0000E_QO I7

O,O0000EeO0 18

19

ZO
21

22

23

24
25

26

Z7

2O
29

30

31

32

33

34
35

56

RATE CONST IIET REACTION CONV RAIE NET RAIE/POSI-

CGS UtlITS (MOLE-CMxx3/Gwx2/SEC_ TIVE OIR RATE

1.8113E*11 O,O0000E_OO 0.0ODD0
9.4952E'11 O.00Q00E+OC 0.00000

4.96Z_E_12 O.O0000Et0O O.DOOO0

3.6652E*13 -4,20984E=Q2 1,0OO0O
3.6206E_13 0.O0000E400 O,00O00

E.OOOOE*12 O.O0000EoOO O,OOO00

9.4865E_13 O,O0000Ee00 0.00000

2.47_7E#10 O.O0000EmOO 0.OOOOO
3.84_7E_12 D.00000E_O0 0.0O0O0

1.8000EtI2 O.Q0000EeO_ 0.DO000

7.8000E+I1 0,O00O0E*Q0 0.O0O00

6.00AgEt]O 0.00000E_00 0.DOE00
6.6ZlOEtI2 O.00O00E_00 0.OOO(lO

2.OI62Et]5 O.0000OE_0U 0.OO0OO

2.$703E_00 O.00000E_00 O,OO000

4.58_2E+]5 O.00000E*00 O.OOO00

7.6662Ee00 I._405]E-02 ].000O0

3,2937E-02 l.I0195E-05 1.0O000
2._79E,12 O.00000Em00 0.OO(100

8.2_99E'12 O.0OOO0EIO0 0.DO000

_.172_E*lS O,O0OOOE_O0 0.OOO00

2,1590Etl_ 0.0OOOOE_00 0.00O00

9.400_E+06 O.O0000E_00 0.0DO00
S.6_E1E_0S O.0D00OE+00 0.DO000

2.2552E+07 O.00000E*00 O.O0000

5,5707Et86 O,O00QOE_O0 O.O00OO

1,I&OSEt)O -5.15143E-06 l.O0000
I.EZ9_E_I0 O.00000E_00 O,OOO00

4.0OOOEt12 O.0000OEe0O O.OOOO0

5.8001E÷11 O.00000E÷00 0,00000

_,0645E÷09 O.OO000E+O0 O,O0000
1,0229Et16 0.0O000E_00 0.00000

9.6940E+15 O.O0000E÷O0 O.OOOO0
5.OO0OE_]2 Q.000OOE_00 O.O0000

6.5540E_]5 O.00OOOE_O0 O.00000

3,6OOOE_I_ D.O00OOE+00 0.00000

2.21672E*00

MASS FRACTION SUM I.OOOO00DO

-_._Rg0ZE-01 RHO -7.71706E-I0 V

TOTAL ENERGY EXCHARGE RATE 2.ZI461E_O?

{CAL-CM_SIG_XE/$EC)

CPU TIME FOR INITIALIZATION OF LSEHS = |,210080 S
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TABLE D.2.--Continued.

(b) Continued.

TIME 1.3567ZE-05 SEC AREA Z.O0000E÷03 SO CM

FLOH PROPERTIES

PRESSURE 1.32771
(ATM)

VELOCITY 445625.60

CCH/SEC)

OEtlSITY 1.58862E-0_

TEHPERATURE Z217.16

[9EO K)
MASS FlOH RATE 1.41586E+05

CG/SEC)

ENTROPY Z,781_
{CAL/G/DEG K)

MACH IIUMBER 4,Z705

GAMMA 1.2850

EtJ[HAIPY 5.|1Z17E+02

(CAL/G)
SP. HEAT [CP) _.10646E-01

{CAL/G/DEQ K)

HEAT LOSS(QDOT/MDOT) = 9.1SBOE-02 CAt/(G-CM)

SPECIES COHCENTRATION MOLE FRACTION

(MUIES/CHI_S}

_20 Z.OOTT_E-07 2.75114E-021,32763E-06 1.01922E-01

OH 2,39_2E-07 3.28100E-02
H 5,98040E-0/ 8.19_87E-02

OZ Z.32_I6E-07 $.18_73E-02

H2 _,86522E-07 6.66666E-02
H02 1.08487E-10 1._8656E-05

H202 3.893&?E-11 5,33566E-06

1t0 1.59973E-1I 2.19266E-06
lIOZ 1,35782E-15 1.06058E-10

N 3.32950E-13 A.56232E-08
NZ 4.16156E-06 5.702_7E-01

1120 5.75396E-13 7.884_8E-08

NN02 2.12750E-15 2.91525E-10
IINU3 3,23871E-ZO _._3791E-15

HNO Z,67768E-14 3.66915E-09

C02 1.59882E-09 2.19082E-0_

AR 4.96696E-08 6.80607E-03

DERIVATIVES (COS UNITS)I T

MIXTURE MOLECULAR HEIGHT 21.76841

AXIAL POSII1OI_ 6.006000to0 CM

INTEGRAIION INDICAIURS

STEPS FRCH LAST PR]ItT 27

AVERAGE STEP SIZE 0.1316_E_00

METHOD ORDER 3

TOrAL NUMBER OF STEPS 72

FUNCT EVALUATIONS 107

JACOBIAt_ EVALUAIION3 I8

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION COHV RA1E NET RAIE/POSI-

RATE (MOLE/CHWW3/$EC) NUMBER COS UNITS (HOLE-CMJN3/Gw_2/$EC) lIVE DIR RATE

-6.77700E-0_ 1 l.OSZSEtl2 5,094_6E+05 0.00046

L.27_87E-02 2 _.5697Et12 7.505_2E÷0_ 0.00Z98
8.5_901E-03 3 1.ES3lEtI3 1.93022E_05 0.00269

-3._32190-02 _ 4._93_E+13 1.115_2E_05 0,96560
-7.25712E-03 5 3.9847E+13 3.321090_0_ 0.96569

1._35120-0_ 6 8.00000_12 7,95168E_05 0.96568

-4.01910E-06 7 1.0SllE÷l_ 2.60970E÷05 0.96580

-3.79636E-06 8 2.7157E_1! -_.6Z6_0E_0_ 0.9_787
9.07028E-06 9 _,_093E_12 1,60926Et0_ 0,98790

7.77293E-10 10 1.80000_12 -1,S4ISEE+00 0.6_745

L.19583E-07 11 7.80000+1! 7.L9_350+02 0.99959

-_.63857E-06 1Z A.7029Et12 -4.8443EE_0_ 0.31501

3.688490-08 1S 1.1876E+13 1.224710+05 0.00Z23
1.03301E-09 14 1.8320E÷15 3,65639E+05 0.99174

-6.22870E-1_ 15 5,62490_0_ -3.77_020t05 0.99972

1.169870-00 16 3,2023Et15 1,111560+05 0.99972

0.00000E+00 17 7.5777E+0_ -1,63370E+05 0.999/2
O.O0000E+O0 18 1.0882E_03 -_.463310_02 0,99972

19 2.3290Etl2 ].IIS_9E-01 0,69518

20 8.73480_12 8.373_2E-0Z 0.08745

21 7.3127E_15 6,77_G6E+00 0.99747
22 2._856Et1_ 7.10025E_00 0,88779

23 7.0_16E+08 -I._6057E101 0.99550

2_ 5.48500_06 1.&lSa6E+0Z 0.99996

25 Z.E2_6E+09 -I.63152E+DZ 0.99348
26 1,17070+09 -3,406020_01 0.9944_

27 1.7299E,11 7.51363E-01 0,9_885

2& 1.6_IIE_II 7.512310-01 1.00000

29 _.O000E_I2 7.1601_E-08 0.99927
30 2.4650E_12 3.18961E+01 0.9_900

31 3.32380+10 -3.28787E-01 0.99736

32 7.1071E+15 -2.46807E-06 0,00362

33 8.25680+15 3.697190-01 0.0_052

34 5.0000E_12 3,16912Et00 0.99888

35 6.1878E+15 1.27662E_01 0.7_586

36 3.6000E+L3 9.13558Et00 0.99888

I,ZZ_ZTE_OZ RMO 3.AEIZZE-07 V -9,76519E_02

TOTAL ENERGY EXCHANGE RATE -I.12871EeII MASS FRACIIOI! SUM 1,00000031

(CAE-CM_$/G_2/SEC)

COHPUTER TIME (CPU) REQUIRED= FOR THIS STEP - 4.5000000-01 S UP TO THIS TIME - I.llO000EeO0 S
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TABLE D.2.---Continued.

Co) Concluded.

TIME Z.7SOSIE-OS SEC AREA 2.00000E_03 $Q CM

FLOIJ PROPERTIES

PRESSURE Z,57011
(ATM)

VELOCITY 442156.36

(CH/SEC)

DEttSITY 1.60109E-04
(G/CMXXS)

TEMPERATURE 2663.01
tDkO K)

MASS ELOH RATE I._I5860_OS
(G/SEC)

ENTROPY Z.7965

(CAL/G/OEG K)

MACH HU['IBER $.9384

GAMMA 1.2605

ENTHALPY 5.47385E+02
(CAL/G)

SP. HEAT (CP) 4.IBZSIE-OI
(CAL/G/DEG K)

HEAT LOSS(QDOF/HDOT) = X.1080E-Ol CAL/IG-CM)

SPECIES COtlCEIITRATIOH MOLE FRACTION
[HOLES/CHxxS)

1.37445E-07 1.92722E-02
20 1,46854E-06 Z.05888E-01

OH 2.07650E-07 4,05336E-02

_Z 3.51216E-07 4.92467E-021.700060-07 Z.49596E-02

tt2 4,626740-07 6.4875|E-02

/102 l. OZ125E-LO 1,43198E-05
HZOZ 1.25021E-11 1.75301E-06

NO 8.529650-10 1.16796E-04

UUZ I.lS525E-]S 1,61987E-00

N 3.005010-12 5,33530E-07

N2 4.195800-06 5.88046E-01

NZO 1.4498_E-12 Z.052090-07
tlHO2 Z . 52765E-I _ 3,544500-09

HI[OS 6.50880E-19 8,9582_E-L4

HNO 5.51865E-I3 A.933740-08

C02 1.61137E-09 2.25g_2E-04

AR 5.005930-08 7,019200-03

DERIVATIVES (CGS UltITSII T

MIXTURE MOLECULAR HEIGHT 22,45006

AXIAL POSI|LOli 1.21900010) CM

IUTEGRATIOH INDICAIORS

SIEPS FROM LA_I PRINt E

AVERAGE STEP SIZE 0.60LBZE+OO

HETHOD ORDER 2

IOIAL NUHUER OF: SIEPS _Z

FUtICT EVALUAIIUItS 128

JACOBIAN EVALUAIIOliS 21

CHEHICAL PROPERTIES

NET SPECIES PRODUCTIOH REACTION RATE CONST tIET REACTIOH COtIV RAKE NET RATE/POSI-

RATE (HOLE/CM_X_/SEC) HUMOER CGS UNITS (HOLE-CMxxS/GN_2/SEC) IIVE DIR RATE

-3.20044E-03 1 2.I705E+12 -6.55706E_03 0.00038
7.55159E-05 2 g.?IIIE+I2 7.20_25E+03 0.00034

4.539080-04 3 S.IB50E+13 8.78750E_04 O.OOlI1

-9.334100-03 4 4,88600_15 4.ZZ963E+04 0.61222

-2,37435E-03 5 4,I_90413 ].40180E*04 0.6]765

-2.91850E-03 6 8.0000E+ZZ 5.66574E+03 0,61700
2.51558E-06 7 1.09630+14 9._7669E404 0,61778

5,727230-06 8 7,Z7370+11 -8.90178Et03 0.86911)

1.271790-0_ 9 4.66_9Et22 5.688950102 0.06930

1.757750-00 IO _.8000E+12 -1._09200_00 0.65803

3.758590-07 IL 7.80000t11 1.26930E_02 0,95004
-6.39038E-05 12 Z.82660_13 -9._2Z_SE+05 O.O_SZ4

1.087620-07 18 1.5103E+]S 1.]7231E_05 0.00150

3.445290-09 14 1.76120t15 I,_72720_05 0.87521

9.638720-13 I5 3.5_47E÷06 -1.5649_E{05 0.95230

2.65498E-08 L6 _,6463E+15 3.3_432E_04 0.95229
O.O0000E+00 I7 3.3310E+06 -_.01419E+04 0.95223

0,000000_00 ]B 1,63550_05 -1.61391E+02 0,95227

]9 2.2856E412 1,94614Et00 0.25059

20 8,9429E_IZ 2.69015E_00 0.40566

21 6.9060E_15 2.01860EIOZ 0.90720

22 2,6388E+14 2.02541E_02 0,48585
23 6.$505E_09 -I,8_7Z_EI0_ 0,90666

24 1.10710_08 Z.A8517EI03 0.998_9

25 2.05930_I0 -Z.28]&6E_05 0.90663

26 9,4158E_09 -_._3600EtOI 0.92115

27 5.2IB9E+II 1.60165E_00 0.39418

20 4,6&720+I1 8.64355E_00 0.99990
29 4.00OOEt|2 6.52974E-05 0.95199

30 4.46930+12 3.506730_01 0.39_99

31 1.04820+]1 -2.1]1490÷00 0.90668

32 6.1187E_I5 3.76002E-05 0.00065
33 7.7031Et15 2.Z4581E+CO 0.00457

34 5.00000_12 2.24193E_01 0.93011

35 6.0432E+]5 1.556740+02 0.316SI

36 8.60000_13 1.322190t02 0.93082

6,697270_0! RHO 1.230450-07 V -3.398010t02

TOTAL ENERGY EXCHANGE RATE -4.27131E+10 MASS FRACTIOIt SUM 1.0000OOZD
(CAL-CM_S/G_2/SEC)

COMPUTER TIRE (CPU) REQUIRED= FOR THIS STEP - 1.800001E-01 S UP TO THI_ lINE - 1.3LOOOOE+O0 S

{LSEHS) END OF THIS CASE

SUMMARY OF COMPUTATIQHAE NORK REQUIRED FOR PROBLEM,

TOTAL NO. OF STEPS - 82
TOTAL LID. OF DERIVATIVE EVALUATIONS - L28

TOTAL HO, OF JACOBIAN EVALUATIONS - 21

TOTAL CPU TIME - 1.310000 S

(LSENS)

TOTAL CPU TIME (INCLUDING I/O) REQUIRED =

READ DATA FOR NEXT CASE

3.110000 S
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REACTION
NUMBER

S

7
g

9
I0
]I

15

16
17
IE

19
2O
21
22

23
2_
25
26

27
2B
20

EO
31
S2
33

34
35
36

37

DISTANCE-AREA VER510N

IWO
l_H

IMO
IwH

1wO
leH02
l_H
l_H2

IXOH

IxH2

INH

I.HM

IMH02

110
IWNO
IWN02
IWNO

lXO
IWNO

1.oM
IW0
I_N
INN20

IWN02
I_OH
)XOH
INHNQ

IXH
IWHNO

1_0

H(HZ

MOO2
MCH2
M(HZ

M(02

TABLE D.2.--Continued.

(c) Case 3

LEMIS SENSITIVITY AN0 GENERAL KINETIC5 PROGRAM NASA LENI$ R_$EANCH CENTER

LSEHS HYDROGEIt - AIR TEST NITM HEAT TRAHSFER FULL MECHANISM CASE S

REACTION RATE VAR_AOLESREACTIOH A ACTIVATION

ENERGY

* 1MN20 • ZMOH 6.800000+1S 0.0000 10065.00
÷ 1M02 • I_OH + ]NO 1.090000+1R 0.0000 16_00.00

IMH2 m I_OH ÷ I_H _.200000+1_ 0.0000 15750.00

+ I_H02 • 1_H2 + 1NO2 7,20000E_13 0.0000 2126.00
+ lxH02 = I_OM + Ix02 5.000000+13 0.0000 1000.00

+ 1NOH s 1XH2O + 1K02 3,000000÷12 0.0000 0.00
= 2MOH L.3;0000+16 0.0000 1070.00+ lXHO2

* 1_H02 " 1NHZOZ * 1MH 7,91000E*1S 0,0000 25000.00
+ lXHE02 • I_H2O + IMH02 6.10000E*12 0.OO00 I_S0.00

2NHOE • 1MM202 + lx02 2,000000÷12 O+OO00 0.00

+ lxH202 : lXOH + 11H20 7.800000+11 0.0000 0.00
+ 1MHZOZ 2XOH 1._0000t17 O.OOOO _$510.00
÷ IXOH • lXH20 + OXN ;.7_O00E+IE 0.0060 0008.00
+ 1X02 " IMHOZ + H 1.A6000E'15 0.0000 -1000.00

+ 1_H20 = I_H + IMOH 1.$00000+15 O.OOOO I051_0.00
÷ 1_O = I_OH + M 7.100000+I8 o1+O000 0.00
÷ IMH2 = 2_N 2.20000E+1_ 0.0000 96000.00

÷ 1_02 = 2NO 1+000000+18 -1.0000 110020.00
* IXHO • IMNOZ + I_OM 2,090000_12 0.0000 -_77.00
* I_H02 1MNO + 1_02 1.O0000E+IS 0.0000 596.00
÷ 1_0 • I_NO2 * M 5.620000+15 0,0000 -1160.00

+ IXH • I_H0 + I_OH $._70000+1_ 0.0000 1_70.00
÷ INO = IXX + I_OZ 3.000000_09 1.0000 _IS70.O0
+ INN2 = l_ltO ÷ l_X 1.80000E÷1_ 0.0000 76250.00

+ I_N • l_N + IMOH 2.630000*1_ 0.0000 50qlO.OQ
+ IMN20 • IXN2 + 1MO 6.920000+25 -2.5000 65000,00
+ I_H20 l_N2 + lXOZ 1.000000_1_ 0+0000 20020.00
* IMH20 = 2XNO 6.020000÷1S 0+0000 26650.00

+ IMNO2 • 2XHO _.00000E÷12 O.OOO0 0.00

÷ I_H _ 1MR2 ÷ 1MOH 1,59000E*1S 0.0000 1S100.00
÷ IMH2 I_NN02 + IKN 2._00000÷1S 0.0000 29000.00

÷ IMNO2 z I_HNQS + _ $,00000E*]5 0.0000 -3800.00
÷ lmNO t IMHNO2 + , 5.60000E+15 0.0000 -1700.00
÷ I_H = I_M2 + IX_O 5.OO000E÷IE 0,0000 0.00
* l_NO = I_HNO + M 5._00QOE*I5 0,0000 -600.00

÷ I_OH = l_H20 + I_HO 3.600000_15 0.0000 0,00
÷ IXHZOE • I_OH + I_M02 0.000000+13 0.0000 lO00.EO

• 121 • 2.30000 ME02

• 1_) • 1.30000 MIN2

151 • A.O0000 MCO2
17) _.10000 H{O2

• S21 = 0.70000 HIH2

ALL THIRD BODY RATIOS ARE I.O EXCEPT THE FOLLONING

• 12) s 0.78000 M(HZO , 121 • 6.00000 M(H202 , 12) = 6.60000
14) 1.30000 MIME0 10) 21.$0000 M(H2 1_I 3.00000

15) 1.50000 M(HZO , IS) ; 20.00000 MINI , 15_ = 1,50000
, 171 = 2.00000 H(H20 17) = 15.00000 M(N2 . 171 = 2.00000

S2I = 1.60000

TIME 0.000000*00 SIC

FLDH PROPERTIES

PRESSURE 0.95600

(ATM)
VELOCITY _SO9SO.60
(CM/SEC)

DENSITY 1.$69850-0_

CG/CMW_3)

TEMPERATURE 15S9.00
IDEG K_

• R INITIAL CONDITIONS xm

AREA ZmOOOOOE+03 SQ C_

MASS FLOM RATE I._ISESE+05
(G/SEC)

ENTROPY 2,6760
(CAL/G/OEG K)

MACH NUMBER S.O000

GAMMA 1.31_5

ENTHALPY _.5_661E+02

ICAL/G)
SP. HEAT CCP) _,01020E-01

(CAL/O/DEG R)

HEAT LOSSIqDOT/MDOT) ; 6,4255E-02 CAL/(O-CM)

AXIAL POSITIOH 0.000000_00 CM

IIITEGRATION INDICATORS

STEPS FROM LAST PRINT o

AVERAGE STEP SIZE 0.000000+00

METHOD ORDER 0

TOTAL NUMOER OF STEPS 0

FurICT EVAL UATIOI4$ 0

JAG00 IAN EVALUATIONS 0

SPECIES CONCENTRATION MOLE FRACTION HET SPECIES PRODUCTION REACTION RATE CONS! NET ENERGY EXCHANGE RATE NET RAIE/POS]-
(_OLES/GMx_3) RATE (MOLE/CM_S/SEC) NUMBER CG$ UNITS ICAL-CM_3/GW_2/SEC) TIVE DIR RATE

0.00000E÷00 6.700950-1S I I._IISEtII 0,000000+00 0.00000

0.00000E*00 2 9._9SZEVll 0.000000÷00 0.00000
0.00000E÷00 5 _.962_E*12 0.00000E÷00 0.00000
1.037630-05 _ 3.66500+13 2.21_6_E+07 I.O0000

-1,03756E-05 5 S.6206E+IE 0.00000E+00 O.O000O

9.6865E+IE 0.000000*00
8.0000E+12 G.OOO00EtO0 0.00000

1.0S756E-05 0.00000
0.00000E+00 & Z.AT_TEtIO 0.00000It00 0.00000

O.OOOOOE+O0 9 _.8_7E+12 0.00000E+00 0.00000
O.O0000E+O0 10 2.00000*12 O.O0000E+O0 O.O000O

O.00000E+O0 II 7.0000EtIl 0.000000+00 0.00000
-1.269520-1_ 12 6.0049E+10 O.O0000E+O0 O,O00OO

I.Z6952E-IS 15 6.62100+12 O.O0000E+O0 0.00000

0.00000E÷00 I_ 2.01620+15 0.00000E+00 O.DOOeO
O.00000E_O0 IS 2.$703E+00 0.00000E*00 0.00000
0,000900+00 16 _,SS_2E+lS 0.00000E_00 0.00000

0.000000÷00 17 7,6662E_00 1.3970AE)03 1.00000
0.000000+00 10 5.2937E-02 1._1255E+00 1.00000

19 2._$79E+12 0.00000E*00 0.00000

20 8.2_99E*12 O,O0000E+O0 0.00000
21 E.172_E+15 0.000000+00 0.00000
22 2.1590E+1_ O.O0000E+O0 0.00000

23 9.400_E+06 O.OOUOOEtO0 O.OOOOO
2_ $,68210+0S 0.00000E+00 0.00000
25 2.25520+07 0.000000_00 0,00000
26 5.57070*06 0.000000e00 O.O0000

27 1.1003E+10 _.072520-01 1.00000
20 1.27930+10 0.000000*00 0.00000
29 A.0000E+12 0.000000_00 0.00000

30 5.8001E+11 0.00000E_00 O,OOOO0
31 2.06_50÷09 O.O0000E+O0 0.00000
S2 1.02290_16 0.000000+00 0.00000

33 9.69400÷15 0.000000+00 0.00000
3_ 5.0000E+12 O.00000E*O0 0.00000
35 6.S5_00+]5 0.000000_00 0.00000

36 $.6000E+13 0.00000E*00 0.00000
37 S,70300_I3 0.000000*00 0.00000

2.ZI67ZEt00

MASS PRACTIOJJ SUH I,QOOOOQO0

i_ O.O0000E÷O0
0 O.OOROOE+O0 0.000000÷00

O.O0000E+O0 O.O0000E*O0
H O,O0000E*O0 O.00000E÷O0

02 1,10330E-06 1._76_60-01
M2 2.20678E-06 2.95295E-01

HQZ 0.000000+00 0.00000E÷00
H202 0.000000+00 O.GOODOE_OD
II0 0,000000÷00 0.000000+00

NO2 D,OOOOOE+O0 0.000000+00
N 0.000000÷00 0.000000+00
N2 4.I12380-06 $.502900-01

N20 0.000000*00 0.000000400
HNO2 0,00000E+00 0,00000E+00
HH03 O.O0000E*DD O.0QO00E÷OQ

HHO 0.000000*00 0.00000E*00
C02 1.$7992E'09 2.1I;1_E-0_
AR _,9002SE'08 6.56707E-03

DERIVATIVES (CG3 UNITS)I T -Z._900E-OI RNO -7.7160SE-10 V

MIXTURE MULECULAN HEIGHT 21,00650 TOTAL ENERGY EXCHANGE RATE 2.21A78E+07

(CAL-CMMMS/GXX2/SEC)

CPU TIME F0R INITIALIZATION OF LSENS = 0.580000 S
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TABLE D.2.--Continued.

(c) Continued.

liNE 1.35672E-05 SEC AREA Z.OOeOOE_O_ SQ CM

PLOH P_0PERTIES

PRESSURE 1.3289_
IATKI

VELOCITY AA561Z.90
CCM/SEC)

0ErtSITY 1.SB865E-O_
(G/CMXKS)

TEMPERATURE 2219._

CDEG K)
_ASS FLOH RATE I._IE_SE+O$

CG/_ECI
EIITROPY 2.7816

ICALtG/OEG KI
MAC_I NUMEER _.E686

GA_IA 1.2_5_

EtlIHALPY S.ll_lq_+0Z
(OAL/G)

$P. NEAT (CP) q.10698E+01
ICAL/G/OEG X)

HEAT tOSS(ODOT/MOOT) = 9.160_E-02 CAL/IG-CM)

SPEC[ES CUNCENTRATIOtl MOLE FRACTION

2.00A$OE*07 2,7_700E-02
20 1.S2820E-06 1.82018E-01

OH 2.39788E-07 3,28609E-02
H 5,96769E-07 8.17821E-02
OZ 2._21_E-07 3.lal_SE-OZ

H2 A.86645E-D7 6+66906E-02
HOZ 1.11312E-10 1,52544E-OS
H2OZ S.A4419E-II 4.71997E-06

NO 1.6257EE-11 2.22800E-06
NOZ 1.38Z34E-15 |.89438E-10
tl $,577_9E-13 4.62856E-08

N2 4.16163E-06 5.70317E-01
1120 5.762ASE-I$ 7.89695E-08
Ht_02 2,14756E-15 2.9_SGSE-IO

NNOS 3,25591E-20 A.4619SE-IS
HNO 2.7066_E-14 3.70921E-09
CO2 1.59885E-09 2.19109E-0_

AR _,9670AE-DS 6.80691E-03

DERIVATIVES (CG$ UHITS), T

MIXTURE MOLECULAR HEIGHT 21.77113

AXIAL PUSITIOII 6.09600EJO0 CM

INTEGRATIOr_ IUDICAIOR3

STEPS FROM LAST PRIUT ZS

AVERAGE STEP _IZE O.121_E+GO

mE1fl0D ORDER $

TOTAL t+OmSEN OF STEPS 70

FUlICT EVALUATIOUS 109

JAC0BIAN EVALUATIOUS 19

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE OONST

RATE (mOLE/CMN_3/SECI NUMBER COS UNITS
-6.52579E-0S 1 1.0S71E+IZ

1.28S61E-02 2 A.3872E+I2

S.306_IE-03 _ 1.8390E+13-_.48516E°02 A.A956E+13

-7._0807E-03 _ 3.9837E+]3_,$gS63E-OA 8.0000E+12
7 1.0313E+IA-_.023_1E-06

-9,09783E-07 _ Z.7$16E+II
9.21955E-06 4.AIOOE+I2
6.93502E-10 10 2.0DOOE+12
1.20388E-07 11 7.ODOOE+II

-4,71390E-06 1Z q.7530E÷12
3.74619E-08 13 1.1893E+13

6._2683E-10 1_ 1.8_16E+13
9,$8168E-13 15 5.76A2E÷O_
1.17877E-08 16 3.1990E+]3

O.O0000E+O0 I7 7.7_90E+OA

O.O0000E+O0 18 1.93_8E+03
2.3267E+IZ19

20 8.73_0E+12
21 7.SIOBE+I5
22 2.A_6_E+]_

23 7,1170E+08
2_ 3.3833E+06

25 2.ASTeE÷09

26 1,1BSSE÷09
27 1.7412E÷11
23 1.6313E+11

29 A.OOOOE+I2
30 2._236E+12
31 3.3_63E+10
S_ 7,_008E+15

33 3.2336E÷13
S_ 5.0000E+12
$5 6.1869E+13

36 3.6000E_1_
37 6.3770E÷15

1.2_Z22E_02 RHO 3.30186E-07 V

TOTAL ENEROY EXCHANGE RATE -1.1539ZE+11
¢CAL-CMUUS/G_M2/SEC)

HET ENERGY _XCNAHGE RATE IIET RATE/POSI-
CCAL-CMee5/G_XZ/SEC) TIVE OIR RATE

A.ZS857E+07 0.00023

I,_86E+09 0.005_2
3.$_580E+08 0.002_9

-6.01256E+09 0.966G1

-1.72713E+09 O.966O9
-5.526_1E+0_ 0.96609
"9.0_131E÷09 0.96621

-7.75899E+08 @.983_3
-_.EAE&SE*07 0.98386

4.61ZO6E+O_ 0.3_313

-4._17_4E+07 0.99952
-_.073AAE+09 O.38919
-1.87286E_09 O.0O227

-1.87997E+10 0,991A0
-4.A_379E÷lO 0.99971
-1.13196E*10 0.99971

-l.69ZI2E*IO G.99971
-3.Z9_GSE+07 O.99971
-5.650_8E102 _.70169

-$.90309E_0_ 0,886_4
-5.0ZgOZE+05 0.997_2
-Z.IOOZSE+05 @._8673

-4.40001E+03 Q.99_44
1.38833E÷07 _.99996

-8.02_22E+06 0,993_2

-1.39982E+06 0.99AS8
+3.97188E+0_ 0.9A791
-E.67780E+OA ].00000

-3.7520AE-0_ 0,999Z5
-1.99039E*06 0.94809
"8.3_023E+03 0,997_1
+1.87912E'02 0.00035

"I.TB713E+04 O.O_A61
"1.7_761E+03 0.998_6
°6.39453E+05 0,74589

°6.4_$90E+05 0.99_86
-2.930_7E+0_ 0.98387

-9.EZ26_E+OZ

mAS_ F_ACTION SUm 1.00000US1

COMPUTER TlmE (CPU) REQUIRED, FOR THIS STEP - A.gooODZE-OI $ UP TO THIS TIME - 1.1SO000E+OO S
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SPECIES

H02

H202
|I0

IIO2
tl
112
1120

HRO2
HN03
HNO

CO2
AR

TIME 2.73102E-0S SEE AREA

FtON PROPERTIES

PRESSURE 1.57104
(AIM)

VELOCITY A42|36.92

(CM/SEC)
DENSITY 1.601140-04

(G/EMJMS)
TEMPERATURE Z086._5

(DEG K)
NASS FLOH RATE I._ISESE+0S

(G/SEE)
ENTROPY Z.7966

(CAL/G/OEG R)
NACH HUMBER 3.9_63

GAlA 1.2603

ENTDALPY S.AIOS_E*0Z
(CAL/G)

SP. HEAl (CP) 4.18208E-01

(CAL/GrOEO K)

HEAT IOSS(QDOT/HDOT) = 1.109AE-01 CAL/CG-CM)

CHEHICAL PROPERTIES

CDHCEOTRATIDN NOtE FRACTION HET SPECIES PRODUCTION
(NOtES/CHaR3) RATE (MOLE/CM_I3/SEC)

1.36917E-07 1.9Z0180-02 -3.099060-05
1,A6965E-O6 2.06105E-01 7.05653E-03

2.O777_E-07 _.035820-02 7.69777E-0A
3.496520°07 _.9036EE-0_ -9.71057E-05
1.775820-07 2.490_60-02 -2._]OE_E-0S

A.62S_2E-07 6._EA00E-02 -2.574150-03
1.03667E-10 1.AS3060-05 1.1917_E-06
1.ZZ152E-11 1.713090-06 -1.25994E-05

S,472800-10 1.158_50-0_ 1.290500-04
1,181070-13 1.65636E-08 2.20897E-0S

3.O61020-12 5._1480E-07 3.50739E'07
_.1939_E-06 5.88169E-01 -6.483300-05
1.46727E-12 2.0577_E-07 1,036ZOE-07
Z.54616E-]_ 3.57000E-09 6.07_27E-09

6.A72570-19 9.077310-1A 5.574_30-1S
3.530110-13 4.961950-08 2.967540-08
].611_2E-09 2.25990E-0_ 0.00OOOE*00

5.006090-08 7.0Z06EE-83 8.00000E+00

DERIVATIVES (COS UHIT$), T

HIXTURE HOLECULAR HE|GHT 22.05486

TABLE D.2.---Confinued.

(c) Concluded.

2.0QOO0Et0I SQ CM AXIAL POOIT1OII 1.21920E_U1 CH

IRIEGRATIUN IIIDICATDRS

STEPS PROH LAST PRII_T 7

AVERAGE STEP SIZE 0.660520+00

METHOD ORDER 2

TOTAL NUNBER OF STEPS 81

FUt_GT EVALUATIONS 129

JACO01AN EVALUAIlOUS ZZ

31 I,O_9SE$II

32 6.|131E4|5
33 7.6999Et15
34 5.000804|2
35 6.0qZSE*IS

36 3,60000+13
37 6.633_E_|3

_.667_70*01 RNO 1.221240"07 V

TOTAL ENEROY EXCHANGE RATE -_.2_SSAE_|0

(CAL-CNXXS/6_Z/SEC_

REACTION RATE CONST NET EIIERGY EXCHAI_GE RATE NET RAIL/POOl-

NUMBER CGS UNITS (CAL-CH_$/G_XE/SEC) TIVE D1R RATE
X 2.1801E+lZ -9.ZSSOOE+07 0.00O32

8.7555E,12 1.080030_08 0.000533,19630_13 1.55573EtO& 0.00106

4,88850_13 -2.2_4_9E_09 0,617_4A.IA59E*15 -7.19555E_08 0.81785

8.00000+12 -3.889690+00 0.6)7971.0966E*1_ -3.255020÷09 0.61805

7,31750+11 -1.63667E÷08 0.86281_,66650÷|2 -1.87927E_07 0.06100
10 2.O000Et]2 $.05511E+04 0.6_138

11 7.800OE+ll -8.373990_06 0,9_767
12 2.85760÷13 -6._1A12E{00 0.o576_

13 I.SIZSE+IS -1.6_1370+09 0.0013_
14 1.76080÷15 -7.51326E_09 0.8?092
15 S.OSSSEt06 -1.850080t10 0.95069
16 2.6429E÷15 -3.A23770÷09 0.95067

17 S._606EIO6 -4.15239E*09 0,9506_
18 1.6703E_0S -1.901760t07 0,9506S
]9 2.2_550+12 -9.92&670_03 0.26292

20 $.94560812 -I.2_7Z_E÷O5 g.48]53
21 6.9840E÷|5 -l.49_1E*07 0.90401
22 2.6548Et1_ -S.9595_EeO6 O,A_IS|

23 4.3996Ee09 -6.05A06Ee06 0.905_4
2_ 1,12760_08 1.09677ETO0 0.99826

25 2.00_4E_10 -|,I_041Et08 0.90579

26 9.53330_09 -1.773_80_06 0.91923
27 5.25410+|1 -|.26592E*05 0.38_92
20 4.7172E_11 -1.309610_05 0.99990

29 4.00000*|2 -5.266400÷00 0.95118
30 4.48560_12 -Z.IT63_Et06 _.3092_

-5._1737E+0_ 8.90428
-1.076250_00 0.0OOI7

_,lTI56E+0S 0.OO_SO.224270*06 0.9280_
-7.7_907E_06 0.313_$

-9.247370{06 0.92813

-6.A06780_07 0,06295

HASS FRACTIOR SUH 1.OUOOOOE0

COHPUTER 11HE (CPU| REQUIRED, FOR THIS STEP - 1.SOBO01E-01 S UP TO THIS TIHE - 1.160001EtO0 S

(LSEHS) END OF THIS CASE

SUHHARY OF COHPUTATIORAL NQR_ REQUIRED FOR PROBLEH,

TOTAL NO, OF STEPS - 81
1OIAL NO. OF DERIVATIVE EVALUATIOtlS - 129

TOIAL NO. OF JACQEIAH EVALUATZOI_3 - Z_
TOTAL CPU TZHE - 1,360001 S

TOTAL CPU TI_E (INCLUDING frO) REQUIRED =

(LSEOS) READ DATA FOR NEXT CASE
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TABLE D.2.----Continued.

(d) Case 4.

DISTANCE-PRESSURE VERSION

REACTION

NUMBER

1
2

3
4
5
6
7

8
9

10
11
12

13
14
15

16
17
13

LENIS SENSITIVITY AND GENERAL KINETICS PROGRAM NASA LENIS RESEARCH CENTER

LSENS HYDROGEN - OXYGEN CASE NITH HEAT TRANSFER CASE 4

1_0
1WH

1_0
I_H
1KO
1_H02
I_H

I_H2
I_OH

I_H
M

I_H2
I_H

M

I_H
M
M

REACTION REACTION RATE VARIABLES
A N

+ I_HZO = 2_OH 6.8000BE+IS O.O000
+ 1_02 l_OM + 1_0 ].39000E+14 0.0000
+ lXHZ : I_OH + I_H 6.20000E+1_ 0.0000
+ I_HOZ = I_HZ + I_OZ 7.13000E+1S 0.0000

+ Z_HOZ I_OH + 1_02 5.00000E+15 0.0000
+ I_OH = lXHZQ + 1_02 B.O0000E+IZ 0.0000
+ 1WHO2 = 2XOH 1.34000E+14 0.0000
+ I_HOZ = Z_NZOZ + I_H 7.91000E+13 0.0000

+ I_HZOZ = I_H20 + I_HOZ 6.10000E+12 0.0000
Z_HO2 = I_H202 + 1_02 1.80000E+12 0,0000

+ I_HZO2 I_OH + I_HZO 7.30000E+11 0.0000
+ 1WHZO2 = 2_OH 1._4000E+17 O.O000
+ I_OH I_HZO + I_H 4.7qOOOE+13 0.0000

+ Iw02 = l_H02 + M 1.46000E+15 0.0000
+ 1xH20 Z_H + 1XON 1.30000E+15 0.0000
+ I_0 = I_OH + M 7.10000E+18 -1.0000
+ IXH2 2_H Z.ZO000E+I_ 0.0000

+ 1_02 = 2xO 1.80000E+18 -I.O000

ACTIVATION

ENERGY
18565.00
16400.00

15750.00
2126.00
1000.00

OoO0
1070.00

25000.00

1_50.00
o.00
0.00

45510.00

6098.00
-1000.00

105140.00
0.00

96000.00
118020.0o

M(HZ
H(OZ

H(02
M(H20

• 12) = Z.30000 M(02

, 14) = 1.30000 M(H2
, 15) = 1.50000 M(H20
, 27) = 15.00000

ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLOWING

• 12) = 0.73000 N(HZO , 12) = 6.00000 M(H202
• 1_) = 3.00000 M(H20 , 1_) = Z1.30000 M(N2
• 15) = 20.00000 MCNZ , 17) = _.10000 MCOZ

• 1Z) = 6.60000
• 15) = 4.00000
• 17) = 2.00000

TIME O.O0000E_O0 SEC

FLON PROPERTIES

PRESSURE

(LB/FT_2)
VELOCITY

CFT/SEC)
DENSITY

(LB/FT_3)

TEMPERATURE
CDEG R)

MASS FLOH RATE
CLB/SEC)

ENTROPY
{BTU/LB/DEG R)

MACH NUMBER

GAMMA

EHTHALPY
(BTU/LB)

SP. HEAT (CP)

(_TU/LtVDEG R)

_ INITIAL CONDITIONS _

AREA Z.15Z80E+O0 SQFT AXIAL POSITIOH

INTEGRATION INDICATORS

L.OS_IOE÷O_ STEPS FROM LAST PRINT

1.62593E+03 AVERAGE STEP SIZE

q.55122E-02 METHOD ORDER

1890.00

1.52297E+02 TOTAL NUM_ER OF STEPS

5,68867E+00 FUNCT EVALUATIONS

5.00000E-01 JACONIAN EVALUATIONS

1.351_BE+00

S.2ZOZ7E+OZ

6.36196E-01

O.O0000E+O0 FT

0

O.O0000E+O0

0

0

0

0

HEAT LOSS(QDOT/MDOT) = 4.3552E+00 _TU/(LB-FT)

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/FT_S)

O O.O0000E+O0 O.O0000E+O0
HI0 0.00000E+00 O,OO000E+O0
OH O.O0000E+00 O.O0000E+O0
N 0.00000E+00 0.00000E÷00

02 1.20765E-03 3.33333E-01
H2 2.41531E-0_ 6.66667E-01
H02 O.O0000E+O0 O.O0000E+O0
H202 O,O0000E+O0 O.O0000E+OO

DERIVATIVES (FPS UNITS), T

MIXTURE MOLECULAR NEIGHT 12.01015

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE CONST

RATE (MOLE/FT_$/SEC) NUMBER CGS UNITS
6.5_229E-17 l 1.0232E+10
O.OOOOOE+O0 2 7.1935E+10
O.O0000E÷OB $ 5.7715E+11

3.55695E-05 4 Z.62BOE÷13
-5.55695E-05 5 $.0962E+15
-S.55695E-05 6 8.0000E+12

3.55695E-05 7 8.02_0E+15
O.OOOOOE+OB 8 _.9501E+08

9 S.07S9E+EZ
10 1.SO00E+ZZ
11 7.8000E+11
12 4.8505E+07

15 2.5499E+12
1_ 2.3577E+15
15 1.6976E-07
16 6.7619E+15
17 2.29_7E-06
13 4.6675E-10

2.22574E+01 RHO 2.1_009E-0S V

TOTAL ENERGY EXCHANGE RATE 1.77867E+03

NET REACTION CONV RATE NET RATE/POSI-

(MOLE-FT_S/LB_Z/SEC) TZVE DIR RATE
O,O0000E+O0 0.00000
O.O0000E+O0 0.00000
O.O0000E+O0 0.00000

-1.S7869E-02 1.00000
O.O00BOE+O0 0.00000
O.O00OOE+O0 0.00000
O.OOO00E+O0 0.00000
O.OOOOOE÷O0 O.OOOO0

O.O0000E÷O0 0.00000
O,OOOOOE+OO 0.00000
O.O00OOE+O0 0.000B0

0.00000E+00 0.00000
O.O0000E+O0 0.00000
O.OO000E+O0 0.00000
O.O0000E+O0 0.00000
0.00000E+00 0.00000
5.77599E-10 1.00000

1.72773E-14 1.00000

-2.93352E+02

MASS FRACTION SUM 1.00000000

(DTU-FT_K3/L_2/SEC)

CPU TIME FOR INITIALIZATION OF LSENS = 0.900000 S
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TABLE D.2.--Continued.

(d) Continued.

TIME 2.0810qE-OQ SEC

FLOW PROPERTIES

PRESSURE 1.07926E+04
(LB/FT_2)

VELOCITY 1.527QDE+g3
(FT/SEC)

DENSITY 4._1395E-02
(LB/FT_S)

TEMPERATURE 1900.96
(DEG R)

MASS FLON RATE 1.52297E÷02

(LB/SEC)
ENTROPY 3,68915E+00

(3TU/LB/DEG R)
MACH NUMBER q.68508E-01

GAMMA 1,55101E÷00

ENTHALPY 8,26637E÷02
(BTU/LD)

SP. HEAT (CP) 6,3666_E-01
(STU/LB/OEG R)

AREA 2.25905E+00 SQFT AXIAL POSITION 3.28100E-01 FT

HEAT LOSS(QDOT/MOOT) = Q.8836E+O0 BTU/(LB-FT)

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 101

AVERAGE STEP SIZE 0.99075E-01

METHOD ORDER Z

TOTAL NUMBER OF STEPS iOl

FUNCT EVALUATIONS iZ9

JACOBIAN EVALUATIONS 17

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/FT_3)

0 2.35957E-10 6.42196E-08
H20 7.32071E-07 1,99245E-04
OH 1.93035E-10 5.25377E-08

H 5.74249E-09 1,01858E-06
02 1.22390E-OS S.$Sl05E-OI
H2 2._4879E-05 6,66479E-01
HO? 5,8699_E-07 1.05527E-04
H202 _.05413E-07 1,]OS_IE-D6

CHEMICAL PROPERTIES

DERIVATIVES (FPS UNITS)= T

MIXTURE MOLECULAR HEIGHT 12,01328

NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION CONV RATE NET RATE/POSI-

RATE (MOLF./FT_3/SEC) NUMBER CGS UNITS (MOLE-FT_3/LB_Z/SEC) TIVE DIR RATE
4,865Z7E-06 1 1.0762E÷10 1.4239_E-05 0.93166
1.96657E-02 2 7.6296E+I0 2.87517E+00 1.00006
_.78803E-06 3 5.9938E÷11 2.8_7S4E+00 1.00000
7.72885E-05 4 2.6454E+13 Z,DZ939E-01 0.93068

-2.SQO53E-O2 5 3.1047E+13 2.33083E-02 1.00000
-3.22992E-02 6 8.0000E+12 4.913_IE-03 1.00000

5.95029E-03 7 8.0477E+13 9.58268E-01 1.00000

9.617S4E-03 8 5.3022E+08 3.9_675E+00 0.95538
9 3.OB6OE+12 1.98468E-03 0,9995S

10 1.8000E+12 2.209_7E+00 0.99691
11 7.8000E+n 9.72995E-03 1.00000
12 5,4969E+07 1.20822E+00 1,00000

13 2.5930E+12 1.00771E+01 0.99998
lq 2.3513E+15 1.26972E+01 0.9998_
15 2.2664E-07 -7,21735E-05 l. O0000
16 6.7231E+15 2.87269E-06 1.00000
17 2.9877E-06 -6.86190E-05 0.99999

18 6._193E-10 -2,436q_E-09 0.99999

8._3709E+01 RHO 8.54923E-O_ V -3.07830E+02

TOTAL ENERGY EXCHANGE RATE -1.33268E÷06 MASS FRACTION SUM 1.00000000
(BTU-FT_3/LD_2/SEC)

COMPUTER TIME (CPU) REQUIRED= FOR THIS STEP - 6.099997E-01 S UP TO THIS TIME - 6,099997E-01 S
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TABLE D,2,---Continued.

(d) Concluded.

TIME 3. 38532E-04 SEC

FLON PROPERTIES

PRESSURE 1.09Z85E+04
(LB/FT_2)

VELOCITY 1.4657ZE+03
(_Fi*/SEC)

DENSITY 4.04Z66E-U2
(LB/FT_3)

TEMPERATURE 2117.59
(DEG R)

MASS FLOH RATE 1.52297E+02
(LB/SEC)

ENTROPY 3.75531E+00
(BTU/LB/DEG R)

MACH NUMBER 4.29320E-01

GAMMA 1.3_109E÷00

ENTMALPY 6,29365E+OZ

(BTU/LB)
SP. HEAT (CP) 6.44879E-01

(BTU/LS/QEG R)

AREA 2.57048E+00 SQFT AXIAL POSITION 5,23319E-01 PT

HEAT LOSS(QDOT/MDOT) = 5.4_39E+00 BTU/(LB-FT)

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 81

AVERAGE STEP SIZE O,llS19E-OI

METHOD ORDER 4

TOTAL NUMBER OF STEPS 241

FUNCT EVALUATIONS 324

JACOBIAN EVALUATIONS 3_

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/FTwwS)

0 1.50296E-07 4.50428E-05
H20 5.52254E-05 1.59514E-U2
OH 2.64514E-07 7.92732E-05
H 2.25878E-06 6.769_3E-04

02 1.08970E-05 3.26576E-01
H2 Z.I8564E-03 6.55024E-01
HO2 3.19142E-06 9.S&4SOE-g4
H202 2.30550E-06 6.DO946E-D4

CHEMICAL PROPERTIES

DERIVATIVES (FPS UNITS)= T

MIXTURE MOLECULAR HEIGHT 12.11563

NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION CONV RATE NET RATE/POSI-
RATE (MOLE/FT_S/SEC) NUMBER COS UNITS (MOLE-FT_S/LB_Z/SEC) TIVE DIR RATE

2.78407E-01 1 2,635LE+10 -4.21685E-01 0.16951

3.25414E+01 Z 1.6974E+Z1 4,09029E+03 0.99887
4,90561E-01 3 1.1719E+12 3.76604E+03 0.99818
4.09676E+00 4 2.9321E÷13 2.07131E+03 0.99985

-1.55385E+01 5 3.2599E÷13 1.53250E+02 1.00000

-S.S6171E÷OI 6 8,0000E÷I2 6.6IgOZE+O1 1.00000
2.02588E-01 7 8.4787E+13 5,990_3E+03 1.00000

-1.31927E+00 8 1.7942E+09 "8.56699E+OZ 0.87476

9 3.3088E÷12 1.97733E+01 0.99981
10 1.8000E+12 1.79476E+02 0.99884
11 7.BO00E+ll 3.98113E+01 1.00000
12 5.0566E÷08 7.04241E+01 0.99132
13 3.4909E÷12 1.97505E+04 0.99849

14 2.2394E+15 7.88762E+03 0.99997
15 3.BISOE-O5 -3._6610E+01 1.00000
16 6.0352E÷15 1.07327E+00 1.00000
17 3.2251E-04 -I.89787E+01 1.OOO00
18 1.8191E-07 -9.Z6897E-04 1.00000

7,77921E+04 RHO -1.37638E+00 V -3.50268E+02

TOTAL ENERGY EXCHANGE RATE -1.76542E+09 MASS FRACTIOH SUM 1.00000001
(BTU-FT_3/LB_2/SEC)

COMPUTER TIME (CPU) REQUIRED= FOR THIS STEP - 5.100002E-01 S UP TO THIS TIME - 1.4_O000E+O0 S

(LSENS) END OF THIS CASE

SUMMARY OF COMPUTATIONAL HORK RERUZRED FOR PROBLEM=

TOTAL NO. OF STEPS - 241
TOTAL NO. OF DERIVATIVE EVALUATIONS - 324
TOTAL NO. OF JACOBIAN EVALUATIONS - 34
TOTAL CPU TIME - 1.490000 S

TOTAL CPU TIME (INCLUDING I/O) REQUIRED = Z.640000 3

(LSENS) READ DATA FOR NEXT CASE
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5PkCIES

Ctl_
CHS
tt
H2
02
tlOZ
0
011

CHSD
CIt20
C2H6
C21tS
C2H6
Cfl2
CElt_
CEIIZ
riCO
CZttZO
C21t
CO
CEtlO

CO
COZ
11202

NZ
HCN
N
ON
HI|CO
IICO
RHZ
NO
7117
NO2
1120
HI_OZ
1111O3
HNO

TABLE D.2.---Continued.

(e) Continued.

Ws( INITIAL COIIDITION$ z(w

TIRE O.O0000E+O0 5EC AREA O.O000OE+OO 5Q CH AX1AL _'OS IT I ON O.UOUOOEIOU CH

FLON PROPER/lEE

PRESSURE Z.O0000
(ATM)

VELOCITY 0.00
(CH/SEC)

DEIISITY _,18827E-0_

TEMPERATORE 1550.00
(bEG K)

HASS FLON RATE O.O0000E+O0
(G/SECI

EtITROPY 2.2819
(CAL/G/OEG R)

HACH HURDER 0,0000

GAHT4A 1.2285

EtlIIIALPY 5,15126EtU2
(CAL/G)

5P, 1tEAT (CP} 4.0L086E-01
(CAL/G/DEG K)

INTEGRATION INDICAIOR5

STEPS FROM LAST PRIOI 0

AVERAGE STEP 51ZE 0.00000E000

HE]ItOD ORUER 0

]ORAL NUROER OF SIEP5 0

FUNCT EVALUATION3 0

JACOOIAN EVALUA F1005 0

HEAT LOSSlQOOT/TOTHAS) = _.5606E+02 CAL/(G~SEC)

C)IEMICAL PROPERIIE5

CO|ICENTRATIOH
(MOLES/CHXl3)
Z.71255E-06
0.00000E*00
O.O0000E_O0
O.00000E+O0
2.71Z55E-06
O.O00QOE_O0
0.O0000Et00
0.00000E+00
O.O0000EtO0
Q.OOOOOE+O0
O.O0000Ei00
O.OQOOOE_O0
O.OO000E_00
O.O0000E+O0
1.572_9E-I0
0.00000E_00
O.O000GE_O0
0.O0000EtO0
0,00000E*00
O.00000E_O0
O.00000E+O0
O.00000E+O0

_.717_7E-I0
0.00000E+00
0.00000E_00
I.OZ986E-05
O.00000E+O0
1.57Z49E-IO
1.57Z49E-IO
O.O0000E+DO
0.00000E400
O.O0000EtO0
O.O0000EtO0
O.O0000E+O0
O.O0000EoO0
O.O0000EtO0
O.00000E+O0
O.00000E_O0
O.O0000E÷O0

MOLE FRACTIUrl

1.7ZSOOE-OI
0.00000E+00
0,00000E+00
0.00000E+00
1.72500E-05
0.00000E_00
0.00000E_00
0,00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E÷00
0.00000E+00
1.00000E÷05
0.00000E_00
0.00000E_00
0.00000E+00
0.00000E+00
0.00000E100
0.00000E+00
0.00000E+00

5.00000E-05
0.00000E_00
0,00000E_00
6.5_920E-0X
0.00000E+00
X.OOOOOE-05
1,00000E-05
0.00000E+00
0.00000E+00
Q.OOOQOE+00
0,00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00

NET SPECIES PRODUCTION REACTION RATE COILS1
RATE (MOLE/CMXWS/SEC) NUMBER CG$ UNITS

-1.07574E-05
1.0757_E-05
3._5795E-06
9.89090E-07

-2._072SE-02
7._2305E-06
2._0649E-02
0.00000E_00
0.00000E+00
O.00QOOE+00
8.76_80E-0_
0.00000E+00
0,00000E+00
0.00000E400

-8.78705E-04
1,23636E-07
9.09090E-07
1.2776_E-02
O.00000E+00
0.0000QE+00
0.00000E+00
0.00060E+00

-1,27974E-02
0.00000E_00
0.00000E+00

-1.017_9E-06
1,01739E-06

-5.25625E-0_
-9.B65_IE-OS

0.00000E+00
9.865_XE-03
0.00000E+00
5.26645E-04
0,00000E÷00
0.00000E+00
6.56740E-13
0.00000E+00
0.00000E+00
0,00000E+00

NET REACIIOll CONV RAIE NET RAIE/POSI-
(MOLE-CM_xS/Gx_Z/SEC) TIVE DIR RATE

7.8170E+0_ 1.900_1E,0] 1.000002.6_53E_12 0.00000E,00 0.00000
3 1.0089E_06 4.23169E*01 1,00000

_.2290E+12 0.00000E_00 0.00000
5 _.9151EtIZ 0.00000E100 0.00000
6 2.169_E*09 0.00000E_00 0.00000
7 6.5000E_]2 0.00000E*00 0.00000
8 5._&98E*10 0.00000E_00 0.00000
9 1.Z708E+I5 0.00000E+00 0.00000

10 5.6608E_12 0.00000E100 0.00000
It 8,8555E_12 0.00000E100 0.000110
12 2.77_6E_1_ 0,00000E_00 O.OOOOO
13 _,2560E_12 0.00000E_00 0.0000D
I_ 3,9449EI11 O.00flOOEtO0 0.00000
15 _.8000E_13 0.00000E+00 O,OOOOO
16 2.0000EII_ O.00000EtO0 0.00000
17 5,_688E_12 0,00000E_00 0.00000
1_ 17127E106 0.00000E_00 0,00000
19 5.2197E112 0.00000D00 0.00000
20 1.464_E+12 0.00000E_00 0,00000
21 2,2_66E+12 0.00000E_00 0.00000
ZZ _.9311E÷12 O.UOO90E_00 0,00000
23 9,228_E_10 0.00000E_00 0.00000
2_ 4.SI65F+IZ 0.00000E_00 0.00000
25 6,0000Et12 0,00000E_00 0.00000
26 3.3000E+13 0,00000E+00 0,00000
27 5.0000E_12 0,00000E'00 0.00000
28 3.0000E115 0,00000E_00 0.00000
29 3,0000E_15 0.00000E+00 0,00000
30 3.4S77E+01 0.00000E+00 0.00000
51 6.4511E+12 0.00000E_00 0.00000
52 I.Z560EtIS 0.00000E+00 0.00000
33 6,_91_E_11 0.00000Et00 0.00000
Sq 2.9908E*II O,00000E*O0 0.00000
32 3.0723E413 0.0OO00EIOO 0,00000
36 2,0000E+13 0,00000E_00 0.00000
37 6._8_2E+11 O.0OO00E_OO 0.00000
38 1.2020E_12 0,00000E_00 0.00000
39 1.0000E*12 0,00000E_00 0.00000
_0 5.0000E_13 0,00000E_00 0.00000
_I 3,0000E_12 0.00000E_00 0.00000
_2 5.22_0E+12 0.00000E_00 0.00000
42 1.0000E+13 0.00000E+00 0.00000
_ E,8000E+12 0.00000E_00 0.00000
45 2.0SIOE_12 0,00000E_00 0,00000
_6 3.7131E_12 0.00000E_00 0,00000
_7 5.5022E112 0,00000E|00 0.00000
_8 2.7257E_12 0,00000E_00 0.00000
_9 2.0000Ee13 0.00000Et00 0.00000
50 6.93_9E_07 0.00000EI00 0.00000
51 5,0000E_12 0.00000E_00 0.00000
52 9.7506E_11 0.00000E_00 0.00000
53 2.0000E_12 0,00000Et00 0.00000
54 1,8966E_02 0.00000E_00 0.00000
55 2.0220E_12 0.00000E*00 0.00000
$6 6.84_6E_12 0,00000E_00 0,00000
57 1,1235E_13 0.00000E100 0.000_0
58 5.OIEGE_IO O.OO000E_OO 0.00000
59 1.181IEtl2 0.00000E*00 0.00000
60 2.0000E_1_ 0.00000E*00 0.00000
61 2.368_E_05 0.00000E_00 0.00000
62 8.8145E_09 0.00000E=00 0.00000
65 6.6722E109 0.00000E_00 0.00000
6q 5,81_5Et09 0.00000E_00 0.000_0
65 5,7000E+12 0,00000E_00 0.00000
66 1.0000E+l_ 7.29627E*0_ 1,00000
67 2.05_8E112 _.99G59Et02 1.00000
68 7,8789E_09 0,00000Et00 0.00000
69 2.8989EII2 0.00000El00 0.00000
70 1.0905E_]2 0.00000E_00 0.00000
71 5.0000E_12 7.04819E-01 1.000110
72 _.0000Et]_ 5.65_55E_00 I.OOODO
73 3.0000E_13 0.00000E+00 0.00000
7_ 3.0000E+13 O.OOO00EtO0 0.00_00
75 _.0000E'1_ O.OOOOOE+O0 0.000U0
76 2.0000E_]_ 0.00000Ee00 0.00000
77 1.8_9_E_]Z 0.00000E_00 0.00000
78 6.3_03E_1_ 0.00000E+00 0.00000
79 6.7169E105 O.0QQOOE_OO 0.00000
80 5.0140EI]l 0.00000E+00 0.00000
61 3,_Ot&E*10 0.00000E*00 0.00000
_2 1.7500E_lI 0.00000E_UO 0,00000
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DERZVAI]VES (CGS UMITS)= T

H]ZTURE MOLECULAR HEIGtII 26.6346 1

TABLE D.2.---Continued.

(e) Continued.

83 9.EOSqE_ll
BG _.B362E*I2
85 3.6506E+13
86 3.6139E_13
87 B.0000E_I2
88 9.4675E_IL
89 2.3615E+10
90 3.BS_E+I2
91 I,B000E+I2
92 7.8000E_II
95 $,SIBgE+I0
9_ 6.5458E_12
95 2,0200E+15
96 1.9_63E_00
97 4.580GEI15
98 6.4038Et00
99 2,655_E°02

10O 2,B94IE+08
101 ].0756E+13
102 8.5636E+10
10S 1,6116E_11
104 1.20QOEtlI
10S 3.5640E_15
106 5.$827E_IZ
107 6.SBL_E*I2
10B 2.3129El13
109 3,7000E+12
llO 2,000CE_13
Ill I.O000E+13
112 2.0000EIl_
113 6.3472E_11
11_ 2,0000E+_Z
115 1,8283E_13
116 2.4_01E+12
117 E.2407E_12
118 8.1902E+15
lib 2.L531E_14
120 2.0519E+07
121 B.648?E_06
122 3,19IBE+03
1Z3 _,0000E+12
124 5,0036E_06
125 I.L199E+10
126 ],E170E÷10
127 5,6BB2E_ll
128 1.9553E*09
129 ].0302ELI6
1S0 9.7250E*15
131 5.O000E+12
1SZ 6.561_E+15

133 3.6000Etl3

6.22257E+06 RHO -L.S349OE*00

TOTAL ENERGY EXCHABGE RATE -6.00627E+09
(CAL-CH_3/GxxE/SEC)

0.00B00E0OO

.00000Ei00.00OBOEtO0
O.OOO00E4OO

.000OBEI00.0000OE+O0

.00000E+OO.0OOOOE_0O
O.00O00EIOB
0,000OOEI00
O,O000OEJ00
0.O0OOOEe00
O.BOOOOEIDO
0.O0000E_00
O.000QBE*00
0.000OOEt00
6._5704E-06
5.79989E*00
O.000OOE_OO

.00OOBE+O0,O00OOE_0O
0.00000E100
Q,O0000EtOO

,O0000EIO0.O00O0E*00
5.62_02E_0_
O.B000OE_00
O,O0OOOE_00
O,O0000E+00
O.00000Et0O
O,OOOOOE+O0
0.O00OOEI00
O,OOOOOE_O0
O.O000OE*00
O.00000E*00
B.000OBEI00
O,000QOE_00
D_OOOOOEIOO

-3.00226E+03
O,O00OOE_00
O,OOOOOE+OO
O.0OOOOEI00

-3,629B9E-06
O,ODO00E*O0
O.O0000E+0O

0.00O00EI00
0.00OO0EI00
0.00000E+O0
O,00OO0E*00
0.00000E_00
O.OUOOOE*OO

HASS FRACIIOll SUH

0.00000
0.00008
0.00000
O.OOO00
O.OOOO0
O.O000O
0,00000
O,OOOOO
O.OOOOO
0,00000
0.00000
O.OOO00
O.O00OO
o.0oooo
0.00000
0.O0000
l.O000O
I.OO000
0.OOOOO
O.O0000
O.OOCOO
O.OQOOO
0.00000
O.O0000
O.O000O
l.OOOgO
Q.00000
0.00000
0.OO000
o.oo00o
O.O0O00
O.OOO00
O.OOOOO
o.oo0oo
0.00000
O.00000
O.OOO0O
0.oogo0
I.OOOO0
O.OO000
0.O0000
0.00000
l.OOO00
O,OOOgO
0.00000
O,OOOgO
0.00000
0,O000O
O,00000
0.O0000
o,ooooo

1.oooooooo

CPU TIME FOR IMITIALIZATION OF LSEtIS = 2.36000] S

REYNOLDS NUMBER = _,BSDIE*03 PRANDTL NUMBER =

REYNOLDS HUMBER = _.BZ95E÷OS PRAMDTL NUMBER =

REYNOLDS NUMBER = 5.8290E+03 PRAMDTL NUMBER =

REYNOLDS NUMBER = 3.8289E+0_ PRANBTL NUMBER =

REYNOLDS NUMBER = 5.BZ9OEt03 PRANDTL NUMBER =

REYNOLDS NUMBER = S,B296E+OS PRAHDTL NUMBER =

REYNOLDS NUMBER = S.BSOZE_03 PRAN_IL NUMBER =

REYNOLDS NUMBER = _,8315E+03 PRAtlOTL NUM_ER =

REYNOLDS NUMBER = 5,0435E+05 PRA_OTL HUMBER =

REYNOLDS NUMBER = S.9t9BE+0S PRANDTL HUMBER =

TIME 2,5OOOOE-B_ SEC AREA

ELOH PRDI'ER_|ES

PRESSURE 2.17500
(ATM)

VELOCITY O.OO
(CH/SEC}

DEIISITY 4.46455E-04

TEMPERATURE 1581.40
(BEG KI

_ASS FEOH RATE O.OO000E+00
(G/SEC)

ENTROPY 2.2856
(CAL/G/BEG _)

MACH NUMBER O.OOOO

GAMHA 1.227L

ENfHALPY S.2ADS4E+OZ
(CAL/G)

SP. IIEAT (CP) _.OZBB7E-OL
(CAL/G/DEG K)

HEAT LOSS(QDO_/TOIRAS] = 3.5278Ee02 CAL/(G-SEC)

3PECIES COUCEtlTRATIOU HOLE FRACTION
(MOLES/CM_3)

CH_ 2,85311E-06 1.70224E-D1
C_15 _.30681E-09 2,56956E-04
H _,55929E-12 2.72019E-07
112 4,8_210E-09 2.B8895E-04

0.722

0.722

0.722

0.722

0.722

0.722

0.722

0.722

0.722

0.722

0.00000E_00 SQ CM

CHEMICAL PROPERTIES

t_Er SPECIES PRODUCTION REACTION RATE COI_S[
RATE (MOLE/CM_3/SECI NUMBER CGS UllIIS

-2.52_23E°04 l 1.5786E_05
1.60OTIE-O5 2 2.E562E+]2
Z.18BS7E-O8 3 1._675E*06
$.458_7E-05 4 _.B609E_]2

HEAT TRANSFER COEFF

HEAT TRAfiSFER COEFF

HEAT TKAIISFER COEFF

HEAT TRANSFER CDEFF

HEAT TRANSFER COEFF

HEAT TRANSFER COEFF

HEAT TRANSFER COkl:F

HEAT TRANSFER COEFF

HEAT TRANSFER COEFF

5.43804E-04

5.4378IE-04

5._3757E-0_

5.43748E-0_

5.48774E-04

S._SBTBE-O4

5.43971E-0_

5.4417_E-0_

5._6018E-0_

HEAT TRANSFER COEFF = 5.57572E-04

AXIAL POSITION O.O00O0E+00 CM

INTEGRAIIOI( INBICAIORS

STEPS FROM LAST PRIIIT 177

AVERAGE STEP SIZE O.IAIVBE-OS

HETNOB ORDER

TOIAL HUM_ER OF STEPS 177

FUI_CI EVALUATIONS ZJl

JACOBIAN EVALUATIOUS 27

tlEI REACTION CONV RAIE IIET RAIE/POSI-
(MOLE-CMxwS/UwIZ/SEC) lIVE DIR RATE

3-24282E+Ol 0.98045
1.7_56LEt02 0.9311L
_,_9553E_01 0.823_I
2.23_5/EI02 0,999_$
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DERIVATIVES (COS U_ITS), T

MIXTUHE HOLECULAR _'IEIGNT 26.63670

TABLE D.2.---Confinued.

(e) Continued.

125 1,3417EI10 -7,29295E-06
126 1._499_10 4.972040-10
127 6.2148E_II 2.11138E-00
128 2.35730109 3,40_13E-03
129 1.0053E+16 900617E-08
130 9,6190EI15 -3.59665E-03
131 5.0000E{12 -1.291_3E-07
152 6.5_60E{15 4.947_00-06
133 S.60EOE+IS 6._5631E-07

1.446920+05 RHO 1.02027E-01

TOTAL ENERGY EXCHANGE RATE -_,61382E÷07 MA5S FRACIIOII 5OH
(CAL-CM_3/GXxZ/SEC)

0.99992
0.76218
0.57076
0.99999
0.00018
0.77409
0.72101
0,01812
0.73072

l.OOOO000O

COMPUTER TIME (OFU) REQUIRED_ FOR THIS STEP - 1.356000E+01 S UP TO THIS TIME - 1.$56000E+01 S

TIME 3.DOO00E-O_ SEC

FLOH PROPERTIES

PRESSURE 2.26600
(ATM)

VELOCITY 0,00
(CH/SEC)

DENSITY 4.58042E-04
(O/CMXXS)

TEMPERATURE 160S,O0
(DEO K)

MASS ELON RATE O.O0000E+O0
(O/SEC)

ENTROPY 2.2099
(CAL/O/DEO R)

MAON NUMBER O.O000

GAMMA 1,2265

ENTHALPY S.29654E+OZ
(CAL/G)

SP. HEAT (CP) 4.05946E-01
(CAL/G/DEO K)

HEAT LDSSIQDOT/TOTMAS) © 3.651BE+02 CAL/(G-SEC)

CHEMICAL PROPERTIES

SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION
(MOLES/CMXXS) RATE (MOLE/CMXXS/SEC) HUMBER

CH4 2.08586E-06 1.67520E-01 -4.82629E-04 1
CH3 7,16096E-09 4.15684E-04 2.72195E-05 2
H 9,44129E-12 5.48054E-07 5.68900E-08 3
M2 1.16530E-08 6.76774E-04 7.26359E-05 4
02 2.92056E-06 1.69525E-01 -S.065BOE-04 S
H02 1._3687E-09 8.3_084E-05 2.52978E-06 6
0 6.$1264E-12 3,66440E-07 3.04531E-08
OH 2.16486E-11 1.25667E-06 1.I_BSSE-07 B
HIE 5.64924E-08 3.27930E-05 3.50123E-04 9
CH3O 6.07057E-11 3.52588E-06 2.95168E-07 10
CHZO 3.876730-08 2.25038E-05 E.17101E-04 11
C2H6 1.70146E-08 9.87676E-04 0.49566E-05 12
C2H5 1.25432E-13 7,20117E-09 1,10097E-09 13
C2H4 1,247790-09 7.24525E-05 1.38B87E-05 14
CH2 6.72284E-15 3.90251E-10 1.03560E-1@ 15
C2H5 1.079560-14 6.266670-10 1,847450-10 16
CZH2 7,076300-12 4.107690-07 1.09221E-07 17
HCO 3,19879E-13 1.85685E-08 3.409380-09 IB
C2N20 6.54205E-14 3.79757E-09 1.07426E-09 19
CZH 1.17578E-18 6,81363E-14 2.E4774E-16 20
00 3.97024E-09 2.30467E-04 3.982610-05 21
CZNO 3.7&074E-16 2.19466E-11 7,04855E-12 22
CH 4,11860E-20 2.39079E-15 9.16900E-16 23
C02 3.89344E-11 2.26008E-06 2.81059E-07 24

N202 2.79110E-12 1.6EO20E-07 6.54427E-09 25
H2 1.12825E-05 6,54932E-01 -$.44220E-11 26
HCN 5.95685E-14 3.44625E-09 1,@7B9BE-IO 27
N 5.781770-17 3.356240-12 2.790340-13 20
EN 2.891140-10 1,678260-13 1.69649E-12 29
HNCO 1.68587E-10 9.70622E-06 -9.01295E-09 30
NCO 4.02385E-14 2.BO018E-09 -2.09922E-09 31
IIHZ 1.36719E-L2 7.93606E-08 1.09877E-00 52
HO 9.79050E-11 5.60789E-06 -4.13025E-00 33
HH 1.033400-12 5.99072E-00 -2,299720-I0 34
H02 7.91410E-11 4.36183E-06 4.15427E-0B 35
1120 5.04091E-15 3.39056E-10 3.40858E-L1 36
IIHOE 4,761050-16 2.76372E-11 2.746190-12 37
HII03 7.2S725E-18 4.20112E-15 1.10556E-14 30
IIHO 6.53&48E-16 3.795500-1I 2.52944E-12 39

40
41
62
43
49
45
46
47
A8
49
50
51
52
SS
54
55
56
57
58
59
60

AREA O.OO000E+O0 SQ OH AXIAL POSITION O.O0000E+00 CM

INTEGRATION IHDICATORS

STEPS FROM LAST PRINT 4

AVERAGE STEP SIZE 0.95497E-05

METHOD ORDER 4

TOTAL HUMBER OF STEPS 190

FUNCT EVALUATIONS 232

JACOBEAN EVALUATIONS 28

RATE CONST NET REACTION COHV RATE HET RATE/POSI-
CGS UNITS (MOLE-CM_S/G_2/SEC) TIVE DJR RATE

2.0103E+05 _,54497E*01 0.95745
3.0057E÷12 3.37791E+02 0.86841
1.0402E+06 5.29514E_01 0.71802
_.7959E+12 4.1_E59E+02 0.99971
5.1866E+12 1.52175E+05 0.98872
2,9514E+09 2.92999E+02 0.999_4
6.3000E+12 -4.10674E+01 0.90025
6.8528E+10 5.403900÷02 1.00000
1.2538E+13 4.636340+02 0.151B2
6.2019E+12 4.79305E÷00 0.99998
9,6122E+12 4.90377E+00 1.00000
2.8814E+13 5.04120E+01 1.00000
5.93620t12 5.94914E+01 0.97645
4.1623E+11 6.11490E-01 0.B4_30
4.8000E+13 2,50331E-04 0.92717
2.0000E+13 4.57137E-05 0,99958
6.1016E_12 3.41357E-01 0.99982
4.0110E+06 4.09607E-01 l.OOOO0
3.26250+12 4,IBS05E-01 0.99990
1.4796E÷12 -7.31149E+00 0.9?469
2.3145E+12 8.65920E-02 J.O0000
5.2029E*12 1.94643E-Q1 0.99992
Z,3011E÷ll 1,14396E-0I 0,99558
4.3049E+12 6._4649E-01 1.00000

6.0000E+12 2.86520E-06 O.9ESTl
3.3000E113 1.06018E-05 1,00000
S.O000E+12 5.54353E-06 0,99878
S.O000E_I3 -1.441900-07 0,93308
3.0000E÷13 $.40441E-13 0,10854
1.0040E+02 6.2_103E-08 0.99451
7.17550+12 1,52204E-05 1.00000
1.4063E+13 2.98003E-03 1,00000
6.99BOE+II 5.QB_23E-04 0.99049
3.0053E+1] 2.18656E-04 0.99993
3,1222E+I3 5.08346E-04 1,00000
2.0000E÷13 2.40582E-09 0.99709
6.6605E+11 S.49296E-03 1.00000
1.2020E+12 1.36259E-OE 1.O00OO
1.0000E+13 3.08617E-07 0.99964
S,OO00E+]3 7,236640-07 0.85366
S.O000E÷I3 3.62176E-10 0,99999
5,3373E+12 -4.63154E-10 0.87306
1.O000E÷IS 6.789320-12 1.00000
2.BO00E+I$ -4,71936E-03 0,96162
2.9245E+12 1.07676E-05 0.95399
S.DS22E+IZ -9.16916E-04 0.90702
6,08630+12 0.272680-06 0.46331
_.0575E_12 7.94950E-06 0.99B80
2.0000E+IS _.9230BE-05 1.00000
1.3205E_OB 60889&E-04 0,97461
S.OOOOE_13 1.75971E-09 1.00000
1.0531E_12 8.B6733E÷02 1.00000
2.0000E+13 5.44450E-02 I.O0000
4.5244E_05 1.43520E*00 1.00000
2.0503E*13 ,0.20EO9EI01 1.00000
7.1441Et12 1.24199E101 0.99999
1,1665Et13 1,35592E+01 1.00000
6.0B75E+lO E,O2643E+01 0.99994
1.2011E+13 1.30633E-01 0.99962
2.00000_13 9.77447E_02 1.00000
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DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR HEIGHT 26.63512

TABLE D.2.--Continued.

(e)Concluded.

61
6Z
63
6_
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

80
81
82
03
84

85
86
87
08
09
90
91
92
93
9_
99
96

1.94923E÷05 RHO

TOTAL ENERGY EXCHANGE RATE
(CAL-CMX_3/G_2/SEC)

6.$306E+03
1.1879E+10
0.9994E909
1.1879E+lO
3.7000E*I2
1.0000E+15
2.2518E+12
1.06_OE+IO
3.1408E_12
1.1776E¢13
5.0000E+12
4,00DOE*IS
3.0OOOE*13
3.0000E+13
3,00OOE_IS
2.0000E+13
2,1858E+12
6.6256E,14
7.8690E+05
3.8_65EIII
_,2996E+10
2.1314E_lL
1.0970E_12
5.6053E+12

3.7349E_13
3,6528E+13
E.OOOOE+12
9.5769E_13
3.0803E+lO
S.8937E+12
1.8000E+12
7.8000E+11
8.9868E+10
6.9886E+12
1.998qE+15
6,016SE+O0

97 4_4292E+15
98 1.7945E+01
99 9.1136E-02

100 2.5679E+00
101 1.1365E+13
102 1.0304E_ll
LOS 1,6608E+11
104 1.20DOE+IS
105 3.8011Etls
106 5.9286Etlz
107 6.9362Et12
108 2.3378E+13
109 3.TOOOE+12
lid 2.0000Etl$
111 I,OO00E*I3
112 2,00OOEtlG
llS 7.0618Etll
114 2.0OOOE*lZ
115 1.0685E*13
116 2.4276E+12
117 8.2986E612
118 8.0889E+15
119 2.187_E+14
120 3,5248E+07
121 1._944E_07
122 7.Z356E*03
1E3 4,0000E+12
12_ 9.2424E+06
125 1.5129E+ÁO
126 1.6106E+10
127 6.6303E+11
128 2.6693E_09
129 9.8902E_15
130 9,5491E+15
131 5,OO00E+I2
132 6.5192E+15
133 3.6000E+15

8.SqI62E-OZ

-9.14644E+07

3.70820E-03
S.81U96E-03
1,93227E-03
8.74606E-03
2.48042E-11
5.71294E-06
2.09903E-01
2.14401E-09
2.1700]E-06
3.54322E-06
1.07529E-09
8.58696E-09
1.33098E÷02
2.87734E-04
9.86755E-04
Z.86879E-0_
5.72099E*01
1.35073E-03
4.33408E-02
1.24306E-01
1.16503E+00
3.51500E-01
1.43758E_02
1.95506E*00

1.28029E_00
].57210E_00
1.13456E+00
6.17087E_00
2.45305E+00

-5.39477E-0Z
1.76372E+01
9.76281E-05
2.01180E401
7.65984E*00

-3.32238E*01
-1.13022E-04

2.]4502E-05
2.]6902E-03

2.16023E-05
5.66673E-10
1._8680E-06
1.84693E-07

-5.09767E~04
1.04024E-09

-2.76070E-06
9.88939E~03
5.2189_E-02
9.24716E-04

-9.31316E-04
2.89274E-03
1.32473E-10
4.E9779E-05
I.SS330E-11
3.83195E-11
1.13530E-03
1.60201E+O0
1.71995E-02

-6._934_E-01
7.37043E-01

-8.45191E-00
-1.13540£-U3

1.59753E-U6
8.25_11E-08

-1.50490E-04
-1.15446E-05

2.68156E-09
1.31456E-C7
1.11070E-02
5.25262E-08

-1.10940E-02
-3.19520E-07

1.34555E-03
1.76069E-06

MASS FRACTION SUM

0.99969
0.99904
l.o0ooo
0.99992
0.88017
1.00000
I.OOO00
1.00000
0.99985
0.99802
0.99992
1.0oooo
0.99989
1.00000
1.O000O
0.99995

0.99998
I.O00OO
I.O0000
0.99948
1.DO000
0.97386
0.9?994
0.99776

0.53200
0,99893
0.95988
1,OOOOO
0.99826
0.97971
0,99919
1,OOODO
0.99999
0.91q28
0.84868
0.73488
0,99807
0.67666
0,99195
0.99985
0.81714
0.98774
0,99802
1.OOUO0
0.99590
0.62446
0.99524
0.98632
1.OOOO0
I.OOOO0
I.O00OO
0.99338
0.99990
0.99956
0.99995
0.98681
0.92047
0.99936
),OOOO0
0,35304
0.99996
0.65265
1,OOOOO
U.97148
0.99977
0,94538
0.75694
0.99999
0.00004
0.87002
0.68548
0.02727
0.72745

l.OOOO0000

COMPUTER TIME (CPU) REQUIRED, FOR THIS STEP - 2.699986E-01 S UP TO THIS TIME - 1.477000E+01 S

ILSENSJ END OF THIS CASE

SUMMARY OF COMPUTATIONAL MURK REQUIRED FOR PROBLEMI

TOTAL NO. OF STEPS - 190
TOTAL NO. OF DERIVATIVE EVALUATIUNS - 238
TOTAL NO. DF JACOBIAN EVALUATIONS - 28
TOTAL CPU TIME - 14.769997 S

TOTAL CPU TIME (IHCLUDING I/O) REQUIRED = 18.459999 S

(LSENS) READ DATA FOR NEXT CAGE

39



xxmx_x_mxxx mxx_

ooo oo _NNNNN
OOOOOO

+÷+++++++++ ÷++++++++++++÷++÷+ ++÷+÷++÷÷+++÷_+_+÷÷++++++÷+ ++÷+++++++÷+++++÷++++++++++++++++ +++÷÷+÷+

ii ii ii ii in in in il ii nl ii la in :l ii nl ii ii ii ii ii Oi Ol it ii ii ii ii ii ii ii ll ii ii ii in ii ii ii it Ii il In II In II I+ on II II +I II II II n II II II II it . it in u II II II II I+ I+ ii la ii in . I+ II u II II . II II II 11 In ii ii In II 11 In II In +I II II In . II Ol It

÷÷+ ÷÷÷÷ +++÷ ÷÷÷÷+ +÷÷÷÷÷÷÷++÷++÷++÷÷÷÷÷+÷÷+++÷++++÷÷++++++÷÷ ÷+++++÷÷+ ÷++÷+÷÷÷+÷÷÷+++÷÷++ ++++++++

...................... _=
o N o N o _N_ o o N oo _ _o o

=_
m--I
rnH

r_

H

,...]
>

t-
t":'J

g-



103 I_OH ÷
10_ I_CN +
105 I_CN *

106 I_H2 +
107 lXHNCO +
108 IICN +
109 I_CN +

ii0 l_O +

Ill l_N +
112 l_H +
113 I_CH +

114 I_CH +
llS IXNH +
116 I_H02 +
117 I_0 +
118 l_NO ÷
119 l_N02 +
120 1xNO +
121 IXNO +

122 1wO +
123 I_N +
12q H +
125 1_0 +
126 l_O +
127 l_N20 +

128 I_N02 +
129 I_OH +
130 I_OH +
131 llHNO ÷
132 I_H +
133 IKNNO +

N(H2

H(o2
H(H2
H(CO2
H(N2

, 93) = 2.30000
• 95) = 1.30000
• 96) = 4.00000
, 96) = 4.00000

, 98) = 2.00000

TABLE D.2.---Confinued.

(_ Continued.

I_NCN = I_HHCO + I_H
1_0 I_CO + I_N

I_OH IWNCO + l_N
I_NCO I_HNCO + I_H
lxH = 1KNH2 + I_CO
1_02 1wNCO + l_O

I_C02 = IWNCO + IxCO
IXNCO = I_NO + IWCO

IwNCO = l_N2 ÷ IwCO
lwNCO IWNH + 1WCO
I_NO = IwN + IWNCO

l_NO 1_0 + I_HCN
1WOH IXH + l_H20
l_NO = 1_N02 + I_OH
l_N02 I_HO + iw02
IWO = l_NO2 + M
1WH l_NO + I_OH
I_H = lxU + 1WOH

I_0 IwN + I_02
1_N2 = IWNO ÷ 1XN
IWNO2 = 2WNO
IwN20 I_N2 + IWO
I_N20 = IXN2 + IxO2
1iH20 2_tlO
I_H = IWN2 + lxOH

l_H2 I_HN02 + l_N
l_N02 I_HN03 + M
1wHO 1WHN02 + M
I_H = l_H2 + I_NO
I_NO I_HNO + M
I_OH 1WH2O + l_NO

4.00000E+ll 0.0000 2000.00
1,20000E+13 0.0000 0.00

2.50000E'_14 0.0000 6000.00
I.O0000E+14 0.0000 9000.00
1.00000E+I4 0.0000 8500.00
3.20000E+13 0.0000 1000.00

3.70000E+12 0.0oo0 0.00
2.00000E÷13 0.0000 0.00

l.O000DE+13 0.0000 0.00
2.00000E+13 0.0000 0.00
1.60000E+IS 0.0000 99_0.00

2.00000E+12 0.0000 0.00
5.00000E+ll 0.5000 2000.00
2.09000E+12 0.0000 -477.00
1.00000E+13 0.0000 596.00
5.62000E+15 0.0000 -I160.00
3.47000E+I_ 0.0000 1470.00
2.63000E+1_ 0.0000 SO_lO.O0
3.80000E+09 1.0000 _1370.00

1.80000E+I4 0.0000 76250.00
4,00000E+12 0.0000 0,00
6.92000E+23 -2.5000 65000.00
1.00000E+14 0.0000 28020.00
6.92000E+13 0.0000 26630,00
7.59000E+13 0.0000 15100,00

2.40000E+13 0.0000 29000.00
3.00000E+15 0.0000 -3800.00
5.60000E+15 0.0000 -1700.00
5,00000E+12 0.0000 0.00
5.40000E+15 0.0000 -600.00
3.60000E+13 0.0000 0.00

ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLOHING

M(O2 , 93) : 0.78000 M(N20 , 931 = 6.00000
M(N2 , 95) = 1.30000 M(H20 , 05) = 21.30000
M{02 , 96) = 1.50000 MCH20 , 96) = 20.00000
H(H2 , 98) = 4,10000 M(02 , 98) = 2.00000
H(O2 ,129) = 0.70000 B(N2 ,129) = 1.40000

M(H202 , 93) = 6.60000
M(C02 , 95) = 7.00000
M(N2 , 96) = 1.50000
H{H20 , 98) : 15.00000

_w EQUILIBRIUM CALCULATION _

THERMODYNAHIC EQUILIBRIUM COMBUSTION PROPERTIES AT ASSIGNED ENTHALPY AND PRESSURE

INITIAL STATE FINAL STATE

PRESSURE 1.7_00 1.7300
(ATM)

VELOCITY 0.00 0.00
(CH/SEC)

DENSITY 3._9869E-04 2.30793E-04
(G/CM_3)

TEMPERATURE 1700.00 2555.11
(DEG R)

ENTHALPY 379.22696 379.22711
(CAL/G)

INTERNAL ENERGY 259.68010 197.69731
(CAL/G)

SP. HEAT {CP) 0.32691 0.54085
(CAL/G/BEG K)

ENTROPY 2.1420 2.3097
{CAL/G/BEG K)

BACH NUMBER 0.0000 0.0000

GAHHA 1.27q6 1.1514

SONIC VELOCITY 79913.95 9_814.2_
(CM/SEC)

FINAL/INITIAL RATIO

1.0000

1.0000

0.6597

1.5018

1.00000

0.76190

1.654_1

1.0783

1.0000

0.9033

1.lB65

SPECIES HOLE FRACTION
CH4 2.79483E-10
CH3 2.79_83E-10
H 1.00214E-03

H2 1.76022E-03
02 B.94256E-02
H02 1.5594qE-05
0 4.23158E-03

OH 1.15976E-02
HI0 9.05405E-02
CHSO 2.79483E-10
CH2O 2.79_83E-10
C2H6 2,79483E-10

C2H5 2.79485E-10
C2H_ 2.79_83E-10
CH2 2.79483E-10
C2H3 2.79483E-I0
C2H2 2.79483E-10

HCO 2.79483E-10
C2H20 2.79483E-10
C2H 2.79483E-10
CO 5.35472E-03

C2NO 2.79483E-10
CH 2.794B3E-IO
C02 4.39_98E-02
H202 2.72872E-07
N2 7.36205E-01

HCN 2.79483E-10
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TABLE D.2.---Continued.

(0 Continued.

MIXTURE HOLECULAR HEIGHT

DCLOO VOLUME)/D(LOG T)
AT CONSTANT P

DCLOG VOLUME)/D(LOG P)
AT CONSTANT T

N 5.06077E-07

CN Z.79483E-lO
HNCO Z,79_83E-lO
NCO 2.79483E-10
NH2 Z,79_85E-10

NO 1.59036E-02
NH _.66032E-08
NO2 1.1&681E-05
NZO 1.15359E-06
HN02 Z._199_E-07

HNO3 Z.79_83E-ZO
HNO 5.589_7E-07

27.9_827

1.0999

-1.0039

COMPUTATIONAL NORK REQUIRED FOR EQUILIBRIUM CALCULATION,
NO. OF ITERATIONS = 15 CPU TIME = 7.999992E-02 5

SPECIES

CH_
CH3
H
H2

O2
NO2
O
OH

HZO
CH50
OH20
CZH6

C2H5
C2H_
CH2
CZH5
C2H2
NCO

C2H20
C2N
CO
CZHO
CH

C02
HZOZ

_ INITIAL CONDITIONS _w

TIME O.O00OOE+O0 SEC AREA 1.00000E+03 SQ CN

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY

{CM/SEC)
DENSITY

(G/CMW_$)
TEHPERATURE

(DEG K)
MASS FLON RATE

(G/SEC)
ENTROPY

{CAL/G/DEG X)
MACH NUMBER

6AMNA

ENTHALPY
(CAL/G)

SP. HEAT (CP)

(CAL/G/DEG K)

1.73000

159827,88

3._9869E-0_

1700.00

5.59188E+0_

Z.1420

Z.O000

1.Z7_6

$.79ZZTE+OZ

S.Z691SE-O1

CHEMICAL PROPERTIES

CONCENTRATION
(MOLES/CM_5)

6.17216E-07
O.O0000E+O0
O.OOOOOE+O0
O,O0000E+O0

Z.46886E-06
O.O0000E+O0
O.O0000E+O0
O.O0000E+O0

O.O000OE+O0
O.O000OE+O0
0.00000E+00
O.O00OOE+O0

O.OOOOQE+O0
O.O0000E+O0
O.O0000E+O0
O.O00OOE+O0
O,O0000E+O0
O.O0000E+O0

O.O0000E+O0
0.00000E+00
O.O00OOE+O0
O.O0000E+O0
O.O0000E+O0

O.O0000E+O0
O.O0000E+O0

HOLE FRACTION

4.97680E-OZ

O.O00OOE+O0
O.O00OOE+O0
O.O0000E+O0

1.99072E-01
O,O0000E+O0
O.O0000E+O0
O.O0000E+O0
O.O0000E+O0

0.00000E+00
O.O0000E+O0
O.O0000E+O0
O.O0000E+O0

O.O0000E+O0
O.O0000E+O0
O.O0000E+O0
O.O0000E+O0
O.O0000E+O0

O.O0000E+O0
O.O0000E+O0
O.O0000E÷O0
O.O0000E+O0
O,O0000E+O0

O.O0000E+O0
O,O0000E+O0

NET SPECIES PRODUCTION REACTION
RATE (MOLF./CM_$/SEC) NUMBER

-1.50903E-05 1

1.50903E-05 2
7._569E-06 3
O.O0000E+O0 4

-8.05210E-05 5
7.6_658E-06 6
7.Z8745E-O5 7
O.OOOOBE+O0 8
O.O0000E+O0 9

O.O0000E+O0 10
O.O0000E+O0 11
O.O0000E+O0 12
O.O0000E+OO 13

O,O0000E+OO 1_
O.O0000E+O0 15
O.O0000E+O0 16
O.O0000E+O0 17
O.00000E+O0 13

O.OOO00E+O0 19
O.O0000E+O0 20
O.O0000E+O0 21
O.O0000E+O0 22
O.O000OE+O0 Z3

O.O0000E÷O0 24
O.O0000E+O0 25

AXIAL POSITION O.O0000E+O0 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O.O0000E+O0

METHOD ORDER 0

TOTAL NUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIONS 0

RATE CONST NET ENERGY EXCHANGE RATE NET RATE/POSI-
CGS UNITS (CAL-CM_S/G_2/SEC) TIVE _IR RATE

9.72_E÷05 6.37q25E+06 1.00000
3.7198E+12 0.00000E÷00 0.00000

5.0180E+06 3.52443E÷06 1.00000
5.9162E÷lZ O.OOO00E+O0 0,00000
5.6736E+12 O.O0000E+O0 0.00000
4.933_E+09 0.00000E÷00 0.00000

6.3000E÷12 O.O0000E÷O0 0.00000
9.9825E+10 0.00000E÷00 0.06000
1.22_7E+13 O.O0000E÷O0 0.00000
7,_7_@E÷lZ O,O0000E÷00 0.00000

1.106_E÷I3 O.O0000E+O0 0.00000
3.0690E÷13 O.OOQOOE+O0 0.00000
1.03_4E÷13 O,O0000E+O0- 0.00000
_.552_E÷11 O.O0000E+O0 0.00000

_,8000E+13 O.O0000E+OO 0.00000
2.0000E+13 O.O0000E÷O0 6.00000
7.32_7E+12 D.O0000E÷O0 0.00000
1.6606E÷07 0.00000E÷00 0.00000

3.3351E÷12 O.OOO00E+O0 0.00000
1.5053E+12 O.O0000E+O0 0.00000
2.3618E+12 O.O0000E÷O0 0.00000
5.6904E+12 O.O0000E+O0 0.00000
2.3080E+11 O.O0000E+O0 0.00000

_.2857E+lZ O.O0000E÷O0 0.00000
6.0000E+IZ O.O0000E+O0 0.00000
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112 9.31578E-067.51160E-01ItCH O.O0000E÷O0O,O0000E÷O0N O.O00OOE÷O0O.O000OE÷O0CI_ Z.24019E-121.00008E-07HIICO O.O0000E+O0O,O000QE÷O0IJCO O,0OOOOE*O0O.O000QE÷O0
NHZ O.O0000E+O0 O.O0000E÷O0
NO O°O0000E÷O0 O,O000QE+OQ
HH O.O0000E+O0 O.OQO00EeO0
NOZ O,O0000E*O0 O.ODDOOE÷O0
N20 O.O00DOE+O0 O.ODO00E+O0
HN02 O,OOOOOE_O0 O.O00OOE÷QO

HN03 O.OOO00E+OO O.O00OOE+00
IINO O.OOO00E÷O0 O.O0000E÷O0

DERIVATIVE5 (COS UHITS)_ T

MIXTUNE MOLECULAR HEIGHT

TABLE D.2.---Condnued.

(O Continued.

-1.20855E-11 26 3.5000E+13
O.O0000E÷O0 27 5.0000E+12
O,O00OOE÷O0 28 3.0000E÷13

-7.28744E-05 29 3.0000E+Z3
O.O00OOE÷O0 30 7.3700E+02
7.28744E-05 31 8,56_0E÷1Z
O.O0000E+O0 52 1.7046E+13
O.O00DOE÷O0 33 7.9529E+11
O.O0000E÷O0 34 3.0160E+11
O.O0000E+O0 35 $.2072E+13
1.20855E-11 36 2.0000E+I3
O.OOO00E+O0 37 6.9656E+]1
O.OOO00E+O0 38 1.2020E+12
O.O0000E+O0 39 1.0000E÷13

40 5.0OOOE+I3
41 _,O000E÷I3
42 5.5320E_12
43 1.0000E+13
44 2.8000E+13
45 5.Q859E_12
46 4.0962E÷12
47 7.0241E+12
48 4.6827E+12
49 2,0000E+13
50 5.8682E+08
51 5.0800E+13
52 1.1974E+12
$3 E.OOOOE+L3
54 1.9307E+06
55 2,1051E+13
56 7.6735E.12
57 1.2383E+13
58 6,9803E+10
59 1.2369E+13
60 2.0800E+13
61 5.2663E+04
62 1.9580E+10
65 1.48_2E+10
64 1.9580E+10
65 5.7000E+12
66 1.0000E+15
67 2.6268E+12
68 1.7601E+10
69 3,5950E+12
70 1,3415E+13
71 5.0000E÷12
72 _.0000E*13
73 $.0000E+I3
74 3.0000E+13
75 5.0000E+13
76 2.0080E+13
77 2.8889E+12
78 7.1305E+14
79 1.8492E*06
60 3.1015E+11
81 6._836E+10

82 2.9616E+II
83 1.4726E+12

84 7.1708E+12
85 _.8799E+13

86 5.7189E+13
87 8.0000E÷12
88 9.7622E_13
89 4.8329E÷10
90 5,9948E+12
91 1.8000E+12
92 7,8000E÷11
93 2.0507E+11
9G 7.7952E+12
95 1.9630E_15
96 3.9562E+01
97 4.1765E+15
98 1,0018E+02
99 7.1175E-01

100 5.6090E+08
101 1.2_97E+13
]02 1.;798Etll
103 1,7462E*11
104 1.2000E+15
105 4.232_E÷13
106 6.9658E+12
107 8,0770E÷12
108 2.3801E_13
109 3.7000E+12
110 2.0000E+13
111 1.0000E+15
112 2.0OOOE+I3
113 8.4381E+11
114 2.0OOOE+12
]15 1.1405E÷]3
116 2.4070E+]2
117 8,3826E+12
118 7.9225E_15
119 2.2457E÷14
120 8.6958E*07
121 3.1028E_07
122 2.8358E+04
123 4,0000E+12
124 2.5566E_07
125 2.4991E+10
126 2.6097E+10
127 8.6897E+II
128 4.4875E*09
129 9.2394E+15
130 9.2627E+15
131 5,0OOOE_I2
132 6._95E+15

133 3.6000E+13

-5.12217E-02 RHG 9,22781E-09 V

28.21102 TOTAL ENERGY EXCHANGE RATE 5.92105E÷06
(CAL-CM_X3/G_WZ/SEC)

CPU TIME FOR INITIALIZATION OF LSEN$ = 2,540000 S

O.O0000E_OQ
O.O0000E*O0
O.O0000E÷O0
O.OO000E÷OO
O.OO000E+OO
O.OOOOOE+O0
O.O0000E÷O0
O.O000OE+O0
O.OO000E÷O0
O.OOOOOE+O0
O.O0000E÷O0
O.O0000E+O0
O.O00DOE+O0
O.O0000E÷O0
O.O000OE÷O0
O.OOO00E_O0
O.O0000E÷O0
O.O00OOE+DO
O.OODOOE÷O0
O.OO000E_O0
O,OOO00E*O0
Q.O0000E÷OO
O.OOOOOE+O0

O,O000OE+O0
O.O0000E+O0
O,O0000E_O0
O,O0000E+O0
O.O000OE+OO
O.O0000E*OO
O.O0000E_O0
O.O0000E+O0
O,O000OE+O0
O.OOOOOE÷O0
O.O0000E+O0
O.O0000EtO0
O.O00OOE+O0
O.00000E_OQ
O.OOOODE40O
O.OOO00E+O0
O.O000OE÷O0
O.O0000E+O0
O.OOOOOE÷O0
O.O0000E+OO
O.OOO00E+O0
O,OO000E*O0
O.O0000E+O0
O.O0000E÷O0
O.O0000E+O0
O.O0000E+O0
O.OOOOOE_O0
O.OOO00E÷O0
O.OOOOOE+O0
O,OOOOOE÷OQ
O.O0000E_O0
O,OOOOOE+O0
O.O00OOE+O0
O,OO000E_OO
O,QO00QE*O0
O,O00OOE+QO
O,O0000E+O0

O,O0000E+O0
O.OOOOOE+OO
O.O0000E+O0
O,OO000E+08
O,OOOOOE+00
O.O0000E+O0
O.O0000E+O0
O,O0000E+O0
O,O0000E÷O0
O.OOOOOE+O0
O.O0000E+O0

O.O000OE÷O0
O.O0000E+O0
2.12050E*01
O.O0000E+O8
O,O000OE*O0
0,00000E400
O,OO000E+00
O.OO000E+OO
O.OOOOOE÷O0
O.O0000E+00
O.OO000E4QO

-3,77764E_06
O.O0000E+OO
O,O00OOE+O0
O,OOO00E_00
O.O0000E+OO
O.OOOOOE÷O0
O.OOOOOE÷O0
O,OOOOOE+O0
O,O0000E÷O0
O.O0000E+O0
O.0000OE÷OO
O.O000OE*O0
O.O0000E_O0
O.OOQOOE*O0
O,O0000E+O0
O.0000DEtO0
O.O0000E*O0
7.80528E_00
O.O00DOE+O0
O.00000E+O0
O.O0000E+OO
O.O00OOE_00
O.OOOOOE_O0
O.O0000E_O0

O,O0000EeO0
O.O00OOE_O0

O.O0000E+O0

MASS FRACTION SUM

O.OOO00
O.O000O
O,OOO00
0.00000
O.O00OO
O.O00OO
0.00000
0.00o00
O,OOOOO
0.00000
0.00000
0.00000
0.00000
0,00000
0,00000
0,00000
O.OOOO0
0.00000
0.00000
O.OOOO0
0.00000
0.00000

0.00000
0.00000
0,ooooo
o.o0ooo
0.00008
O.O000O
O.OOO00
0.00000
Q,O0000
0.00000
O.O0000
O.O0000
O.O00OO
0.00000
O.O0000
O.OOOO0
O.OOOO0
0.00000
0.00000
0.00000
O.O0000
0,00000
0.00000
O.O00OO
O.OOOO0
O.OOOO0
O.O000O
0.00000
O.O00OO
0.00000
o.ooo00
0.00000
O.O0000
O.O00OO
O.O00OO
O.OOO00
o.ooooo
O.O00OO

O.OOO00
O.OOOOO

O.O00OO
0.00000

O.O000O
0.00000
O,OOOO0
0.00000
0.00000
0.00000

O.OOO00
O.OOOOO
0.0o000
1.00000
O.OOO00
0.00000
0.00000
0.00000
0.00000
O.OQO00
0,00000
0.00000
1.00000
0.00000
0.00000
0.000o0
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0,00000
0,00000
0.00000
0.00000
0,00000
0.00000
1.00000
Q.O0000
o.oo0o0
0.00000
0.00000
0.00000

0.00000
0,00000
O.OQO00

I.OOQQOOQQ
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SPECIES

Ctl4
CN$
N
H2

U2
HOZ
0
ON
H20
CH50
CH20
C2H6
C2H5
CZtl_
CH2
CZHS

C2112
HCO
C2HZO
CZtl
CO

E2110
CH
C02
H202
N2
HCN

N
CN
HNCO
NCO
tiN2
UO
NH
NO2
H20
HNO2
HNO3
14N0

TIME 2.94066E-0_ SEC

TABLE D.2.--Confinued.

(0 Continued.

AREA L.63983E÷03 SQ CM

FLON PROPERTIES

PRESSURE
(ATM)

VELOCSTY
(CM/SEC)

DENSITY
(O/CMWW3)

TEMPERATURE
(DEG K)

HASS FLOH RATE
(G/SEC)

ENTROPY
(CAL/G/DEO K)

HACH NUHBER

GAMMA

ENTHALPY
(CAL/G)

SP. HEAT (CP)
(CAL/G/DEG K)

1.73000

159827.88

2.62993E-04

2389.90

5.59188E+04

2.3063

1.6673

1.2738

3.79227E+02

5.35650E-01

CHEMICAL PROPERTIES

CONCENTRATION
(MOLES/CM_3)

5.73493E-11
1,12913E-09
6.22012E-08
5.80903E-08
8.62787E-07
1.73505E-10
1.08953E-07
1.68046E-07
7.21785E-07
6.20209E-]E
1.76259E-11
7.14414E-16
5.84465E-16
3.53388E-13
1.01723E-11
1.09285E-16
$.96399E-16
1.07672E-12
1,72493E-16
3.48576E-16
1.31702E-07
7,64025E-16
2,13301E-12
2.95745E-07
9.95871E-12

6,46972E-06
5.69520E-13
1.05796E-12
2.25860E-15
5.03698E-14
1._9809E-14
2.28658E-12
6.27721E-10
6.72676E-14
4.16756E-13
6.52689E-12
2.64396E-16
3,08559E-18
8.95368E-14

MOLE FRACTION

6.SOO81E-06
1.27992E-04
4.78570E-03
4.31771E-08
9.78009E-02
1.96676E-05
1.23505E-02
1.68726E-02
8.18173E-02
7.03035E-07
1.99798E-06
8.09021E-09
6.62517E-11
3.77876E-08
1.15308E-06
1.23877E-09
6.76065E-09
1.22051E-07
1.95529E-09
3.95126E-11
1.69291E-02
8.66057E-09
2.61787E-07

3.35241E-02
1.12886E-06
7.33373E-01
5.95970E-08
1,19926E-07
2.56023E-10
5.70965E-09

1,69906E-09
2.58967E-07
7.11550E-05
7.62282E-09
6.72611E-08
7.39626E-07

2.99705E-09
$._9766E-13
1.01492E-08

NET SPECIES PRODUCTION REACTIOR
RATE (MOLE/CMK_3/SEC) NUMOER

-3.57763E-06 i
-I.16166E-0_ 2
-5,23454E-04 3
-2.30715E-06 6
-1.05456E-03 S

-5.68861E-07 6
-8.58925E-04 7
-1.29853E-06 8

7.43665E-04 9
-5,27783E-07 10
-1.55116E-06 I1

6.99066E-08 12
2.66853E-09 13

-7.66669E-08 16
-9.92646E-07 15
-1.52066E-09 16
-1.78284E-08 17
-9.81583E-08 18
-2.85693E-09 19
-1.06146E-10 20
-2.08396E-03 21
-2.00198E-08 22
-2.17167E-07 23

2.20719E-03 26
-1.64267E-07 25
-1.37072E-05 26
-2.72924E-08 27

1.50385E-08 28
-1.71786E-10 29
-1.$6140E-09 80
-9._2690E-10 31

9.62576E-09 32
2.73613E-05 33
1.25351E-09 36
1.92319E-08 35
1.75917E-08 36
7,56600E-10 37
9.69517E-16 38
1.93741E-09 39

o0
65
62
63
46
65
46
67
48
49
$0
51
52
53
5_

55
56
57
58
59
60
61
62
63
66
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

00
81
82
83
84
85
86
87

AXIAL POSITION 6,70000E÷01 CM

INTEGRATION INOICATORS

STEPS FROM LAST PRINT 6

AVERAGE STEP SIZE 0.26316E+00

METHOD OROER 3

TOTAL NUHBER OF STEPS 187

FUNCT EVALUATIONS 286

JACO85AN EVALUATIONS 36

RATE CONST NET ENERGY EXCHANGE RATE NET RATE/POSI-
CGS UNITS (CAL-CM_WS/G_WZ/SEC) TIVE DIR RATE

1,7955E+09 -S,ZISB6E÷07 0,97006
1.028_E+15 4._9566E÷OA 0.17311
6.0086E+08 -7.63059E+0_ 0.76010
1,6106E+13 7,44685E+05 0.17599
8.705_E+12 -$,18369E÷06 0.17575
5.721_E+10 1.16487E+06 0.04310
6.3000E÷12 8.8)381E+06 0.06166
6.0059E÷11 1,14117E+07 1.00000
1,0687E÷13 -1.11000Et06 0.05566
1,7121E_13 -5.38423E+05 0.99996
2.I638E+13 -1.22440E_06 0.99996
6.1460E÷18 -1.58056E_05 0.99996

1.4626E+14 4.30642E405 0.87082
6.9790E+I1 -7.57SS8E_01 0.98512
4.8000E+15 -1.30923E_03 0,99680

2.0000E+13 -2._3183E+05 0.99901
1.7512E+13 -1.02700E÷04 0,99919
1.4561E+i0 3.02366E+04 1.00000
3,7068E÷12 -5.43566E_04 0.99920
1.6360E{12 -2,00195Et04 0.99198
2.6012E*12 -4.29343E404 1.00000
8.7238E+12 -5.97272E_04 0.99997
3.5547E÷12 2.55866E_05 0.99838
4,1951E_12 -5.32165E_06 1.00000
6,0000E+12 -2.81609EI03 0.99996
3.3000E+13 -5.38937E_04 1.00000
5,0000E÷12 -1.03387E_06 0,99996

3.0000E+13 -3.66436E+00 0.99083
3.0000E{13 -1,60559E-04 0,99921
6.8926E+06 -8,11258E÷00 0,509_7
1.9939E÷13 -1.04816E+05 0.99911
4.2387E÷13 -1.07208Et05 0.99317
1.4428E+12 1.66036E÷03 0.96969
3,0680E÷15 -1,03891E+03 0.98766
3.6659E÷13 -5.81001Et03 0.86A_0
2.0000E÷13 -7.28677E_02 0.86_16
8,6265E÷II -7.89666E+04 1.00000

1.20ZOE+12 -1.67395E+04 1.00000
1,0000Et13 " -5.20369E+04 1.00000
5,0000E+13 -5.85659E404 0.86955
3.0000E+15 -3,73628E÷01 0.99998
6.5630E_12 -2.52975E÷00 0.99994
1,0000E+13 -7.67799E-02 1.00000
2.8000E÷13 -1.85277E+06 0,99986
5.9877Et12 -1.35179E+08 0,46621
5.6903Et12 3,61117E+06 0,98977
1.3915E_13 -1.67974E+02 0.06446
9,2767E÷12 -6,63695Et01 0,46637
2.0000E+13 -6,51035E_06 5.00000
6.5191E÷10 -2,50637E*06 0.65841
5.0000E÷13 -2.35233Et03 0.99877
2.2096E+12 -6.22748E,06 1.00000
2,0000Et13 -7.42049E÷06 1.00000
1.9577E÷09 _.61331E÷05 0.99203
2.3802E+13 -3,00312Et07 0.99980
1.0791E÷15 -1,90306E÷06 0.99980
1.6716E÷15 -6,59553E_06 0.99980
1.3820Et11 -6.80754E_02 0,99976
1.6666E÷13 -2,69003E÷04 0.99494
2,0000E+I3 -1.16626E_06 0.79507
8,1933E_07 1.26817E+06 0.82368
2,2115E+11 9.66436E_05 0.99863
1,6821E+11 2.56523E+06 0.99565
2.EIISEelI -6.00556E+06 0.99565
S.7000E÷12 -2.$2867Et06 1.00000
1.0000E+13 -2.26556E+07 1.00000
5.6653E+I2 -S.07638E+07 0.99999
2.0256E+11 -2.07294E+03 0,93058
7,0370E÷12 -2,96060Et06 0.93056
2.6033Et13 -4.31821E+05 0.93036
5.0000E+12 -6.17280E÷02 0.99982
4.0000E+1S -9.16860E_03 1.00000
3.0000E+13 -1.68075E+07 0.98053
3.0000E÷13 -5.16700Et06 0.99583
3.0000E+13 -8.62740E+06 0.99583
2.0000E+]3 -1.36283E+06 0.99582
1.0929Etl3 2.23351E+07 0.83103
1.0122E÷15 -2.71328E_08 0.98304
1.0885E+08 -5.31125E+05 0.31387
3.3782E÷11 -8.71386E+08 0.81268
4,6002Et11 -8.93220Et06 0.85306

1,4226E+12 9.64819E+06 0.00030
5.9803E+12 1.07360E+08 0.00]76
2.3219E+13 1.06120E+07 0.00368
4.6528E_13 -2.38281E_08 0.78509
4.0506E+15 -5.17051E+08 0.78586
8.0000E+12 -1.85899E+08 0.78578
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OER[VAT|VES [COS UNITS)_ T

MIXTURE MOLECULAR HEIGHT 27.54_36

TABLE D.2.--Continued.

(t') Concluded.

2,14117E+01 RH0

TOTAL ENERGY EXCHANGE RATE
(CAL-CM_3/Gx_2/SEC)

86 1.0697E+1_ -3.54242E_08
89 4.0925E÷11 -6.49419E÷06
90 4.5140E+12 -3.40183E406
91 1.8000E÷12 2.51645E÷04
92 7.0000E+11 -3.68001E+05
93 9.9219E+12 -2.27774E+07
94 1,3126E+13 -6.02175E÷07
95 1.8022E÷15 -1.39278E+09
96 3.1562E+05 -q.9q529E÷00
97 Z.9708E÷15 -2.03700E*00
98 3.6600E÷05 -2.55684E÷07
99 1.2I_2E÷O_ -7.35703E*06

100 1.0302E+09 1.40111E÷03
lOI 1.9655E+13 5.62600E÷03
102 7.9062E+11 9.94915E*03
103 E,2182E+11 -2.55132E+03
lO_ 1.2000E+]3 -3.04964E+03
105 7.0673E÷13 -S.09II7E÷03
106 1.5031E÷13 4.91817E÷02
107 1.6699E+13 -1.40636E+03
108 2.5924E*13 -2.97597E+03
109 3.?000E+12 2.47600E,01
110 2.0000E+13 -5.65642E*0_
Ill I.O000E÷II -4.73399E-01
112 2.0000E+13 -7.62023E+03
113 1.9730E+12 -1.00925Et03
11_ 2.0000E412 -3.26283E+03
115 1.6042E+13 -6.77672E÷03
116 Z.3100E+12 -2.15031E+02
117 0.0206E+12 -2.44031E÷05
118 7.1749E415 -_.75353E_06
119 2,5_63E÷14 -1.73284E÷06
120 6.4500Et09 -6.92211E*06
121 1,4962E+09 -2.71002E_06
122 1,9161E+07 1.71004E_07
123 4.OO00E÷12 -2.30557E+00
124 2,0109E+09 -7.21704E,05
125 2.7393E+11 -2.12044E+05
126 2,5_OZE+11 -I.00361E÷05
127 3.1578E+12 -7._6260E÷05
128 5.3_06E+10 -2,79_25E+03
129 8.6776E÷15 -0.12716E-02
130 O,OI03E+IS -6.17291E403
131 5,0000E÷12 -1.60412E÷04
132 6.1272E÷15 -_.0_360E*05
133 3.600OE+I3 -5.4515&E+05

-1.82533E-06 V O.O0000E+O0

-4.71601E+09 MASS FRACTIOII SUM

0.78621
0.00170
0.88207
0.44952
0.97479
0.02117
0.00318
0.00480

0.97532
0.97533
0.97524
0.97529
1.00000
0.90930
0.90961
0.9_545
0.99974
0.5_738
0.24735
0.26554
0.54817
0.3_1_7
0.99999
0.99312
0.99938
1.00000
0.99980
0.07093
0.01046
0.70358
0,00881
0.78395
0.98015
0.98019
0.99833
0.99571
0.06767
0.01324
0.99999
0.01357
0.08529
0.00003
0.00111
0.96268
0.33665
0.96280

1.00000003

COHPUTER TIRE (CPU) REQUIRED= FOR THIS STEP - _.000011E-01 5 UP TO THIS TIME - 1.Z47001E_OI 5

(LSEN$) END OF THIS CASE

SUHHARY OF COMPUTATIOHAL NORK REQUIRED FOR PROBLEM÷

TOTAL NO. OF STEPS - 190
TOTAL NO. OF DERIVATIVE EVALUATIONS - 289
TOTAL NO. OF JACOB]AN EVALUATIONS - 37
TOTAL CPU TIME - 12.710009 S

TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 21.95000L S

(LSEN3) READ DATA FOR NEXT CASE

CC

NN DATA LINES x_

1 2 3 _ 5 6 7 8
_23_67_9_1234567_9_2_45678_1_3_56789_3456_9_456_89_5q56_9_456_89_

LSENS METHANE - AIR HITH AREA PROFILE OF CASE 6 CASE 7
REPEAT
UISTAHCE AREA

&pPob pcon=.falsB., combus=.false.,
x_b=O.O,lO.O,20.O,25.0,30.O,32.g,54.0,36.0,37.0,30.O,39.0,40.0,_1.O,

42.0,43.0,_4.0,45.0,46.0,47.0,48.0,
atb= 1000.00,1000.20,1004.65,1010.05,1023.22,1031._4,1042.92o]059.730

1071.45,1087.06,1110.03,1153.75,1284.Z4,1350.79,1376.81,1397.15,
1414.00,1428,05,1439.03,14_9.01,

aorint=1023.EZo1153.75,1439.83, 8end
&start t=lTO0.O, math=2.0, p=1.730, 8end

CH4 0.049760
02 0.199070

N2 0.75116
CN 0.0000001
END

8solver emax=5.0E-5, atolsp=i.0E-13, &end
FINIS
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SPECIES

CH4
CH3

H
H2
02
H02
O

OH
HZO
CH3O

CHZO
C2N6
CZH5
C2H4
CH2
CZHS

CZHZ
HCO
CZNZO
CZH

C0
C2NO
CH
C02
H20Z

H2

HCN
N
CN
HNCO
NCO
NH2

NO
NH
NO2
N20
HNOZ
HN03

NNO

TIME O.O0000E+O0 SEC

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DENSITY
(G/CMX_3_

TEMPERATURE
(DIG K)

MASS FLOW RATE
(G/SIC)

ENTROPY
(CAL/G/DEG K)

HACH NUHBER

GAMMA

ENTHALPY

(CAL/G)
SP, HEAT (CP)
(CAL/G/DEG K)

CONCENTRATION
(MOLES/CM_3)
6.17216E-07
O.O0000E+O0

O.O0000E+O0
O.O0000E+O0
2.Q6886E-06

O.O0000E+O0
O.O0000E+O0

O.OOO00E+O0
O.O0000E+O0
O.O0000E+O0

O,O0000E+O0
O.00000E+O0
O.O0000E+O0
O,OO000E+O0
O.O0000E÷O0
O.DOOOOE÷O0

O.O0000E+O0
O.O0000E+O0
O.O0000E+O0

O.O0000E+O0
O,00000E+O0
O.O0000E+O0
O,O0000E+O0
O.O000OE+O0
O.O000OE+O0

9,31578E-06

O.O0000E+O0
O,O0000E+OO
1,24019E-12
O.O0000E+O0
O.O0000E+O0
O.O0000E+O0

O.O0000E+OQ
O.O0000E+O0
O.DOOOOE÷O0
O.O0000E+OQ
D.OOOOOE+QO

O.O0000E+O0
O.00000E+O0

HOLE FRACTION

4.97680E-OZ

O.O0000E+QO
O.O0000E+O0
O.O0000E+O0
1.99072E-01

O.O0000E÷O0
O.O0000E+O0
O.O000OE÷O0
O.O000OE+O0

O,O0000E÷O0
O,OOO00E÷O0
O.O0000E÷O0
O,O00OOE÷O0
O.O0000E÷O0
O.O0000E+O0

O.O00OOE+O0
O.O0000E÷O0
O.O00OOE÷O0

O,O0000E÷O0
O.O0000E÷O0
O,O00OOE÷O0
O.O0000E÷O0
O.O0000E÷O0
O,O0000E+O0

O.O0000E÷O0

7.SlZGOE-01
O.O0000E+O0
O.O0000E+O0
1.00000E-07
O.O0000E+O0

O.O000DE+O0
O.00000E+O0
O.O0000E+O0
O.O0000E+O0
O.O0000E÷O0

O.O0000E+O0
O.O0000E÷O0
O.O000OE÷O0
O.O0000E÷O0

TABLE D.2.--Confinued.

(g) Case 7

_ INITIAL CONgITIONS _

AREA 1.OO000E+OS SR CH

1,73000

159827,88

5.49869E-Oq

1700.00

5.59188E+04

2.1q20

2.0000

1.Z746

5.79227E÷02

5.26915E-01

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION

RATE [MOLE/CM_S/SEC) NUMBER
-1.50903E-05 I

1.50905E-05 2
7.4_569E-06 3

O.O0000E+O0 4
-8.0S2IOE-05 5

7.64658E-06 6
7.28765E-05 7

O.O0000E÷O0 8
O.O0000E+OO 9
0.0OO00E+O0 10
O.O00OOE+O0 11

O.O0000E+O0 12
O.O0000E+O0 13
O.OOOOOE+O0 14
O.O0000E÷O0 15
O.O0000E+O0 16
O.O0000E+O0 17

O.O0000E+O0 18
O.OOO00E+O0 19
O.O0000E+O0 20
O,O0000E+O0 21

O.O0000E÷O0 E2
O.00000E+O0 25
O.O0000E+O0 24
O.O0000E+O0 Z5

-1.20855E-11 26
O,O0000E+O0 27

O.00000E+O0 28
-7.28746E-05 29

O.O0000E+O0 50
7.28744E-05 Sl
O,O0000E+O0 32

O.O0000E+O0 55
O.O0000E+O0 34

O.O0000E÷00 55
1.20855E-11 36
O.O000OE÷O0 57
O.O0000E+O0 58
O,O0000E÷O0 59

40

41
42
_3

44
_5
46
67
q8
_9

5O
51
52
53

54
55
56
57

58
$9
60
61

62
63
64
65

66
67
68
69
70
7I

72
73
74
75

AXIAL POSITION O.O00OOE÷O0 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O.O0000E+O0

METHO0 OROER O

TOTAL NUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIONS 0

RATE CONST NET ENERGY EXCHANGE RATE NET RATE/POSI-
CGS UNITS (CAL-CM_5/G_Z/SEC) TIVE DIR RATE

9.72_4E+05 6.37QZSEeO6 1.00000

3.7198E+lZ O.0000OE÷O0 0.00000
5.0180E+06 5.SZ44SE+06 1.00000
5,9162E+12 O.O000DE+O0 O.0OOOO
5,6756E+12 O.O0000E÷O0 0.00000

4,9354E+09 O,00000E÷O0 0.00000
6.5000E+12 O,O0000E÷O0 0,00000
9.9325E+10 0.00000E÷00 0.00000
1.22_7E+13 0.00000E+00 0.00000

7.4740E+12 0.00000E+00 0.00000
1.1064E+13 0.00000E+00 0.00000
5.0690E+13 O.00000E+O0 0.00000
1.03_4E÷13 O.O0000E+O0 0.00000
4.5524E+11 O.O0000E+O0 0.00000

_.8000E÷lS O.00000E+O0 0.00000
2.0000E÷13 O,O0000E+O0 0.00000
7.3247E+12 O,O0000E÷O0 0.00000
1.6606E+07 O.00000E+OO 0.00000
5.5551E+12 O.O0000E+O0 0.00000

1.5053E+12 0.00000E+00 0.00000
2.361BE÷L2 O,OOO00E+O0 0.00000
5.690_E+ZZ O.O0000E+OO 0.00000
2.3080E+11 O.O0000E+O0 0.00000

_.2857E÷12 O.O0000E+O0 0.00000
6,0000E+IZ O.O0000E+O0 0.00000
3.5000E+13 O.O0000E÷O0 0.00000

5.0000E+I2 0.00000E+00 0.00000
3.0000E÷13 0.00000E+00 0,00800
3.0000E+13 O.O000DE+O0 0.00000
7.3700E÷02 O.O0000E÷O0 0.00000
8.5640E÷12 O.00OOOE+O0 0.00000
1.7046E÷15 O.OODOOE÷00 0,00000

7.9329E÷11 O.O0000E+O0 0.00000
5.0160E÷11 O.00000E÷OO 0.00000
3.2072E÷13 O.O0000E+O0 0.00000
2.0000E+15 0.O0000E+O0 0.00000
6.9656E+LE O.O0000E+O0 0°00000

1.2020E÷12 0.00000E+00 0.00000
1,O000E+I3 0.00000E+00 0.00000
5.0000E÷15 0.00000E+00 0.00000
3.0000E+13 O.O0000E+O0 0.00000
5,5520E+lZ O.O0000E+O0 0.00000

I.O000E÷13 O.O0000E+O0 0.00000
2.8000E+13 O.O0000E+O0 0.00000
3.0859E÷12 O,O0000E+O0 0.00000
_.096ZE÷lZ O.O0000E+O0 O.O0000

7.02_1E+12 O.O0000E+O0 0.00000
6.68Z7E+12 0.00000E+00 0.00000
2.0000E+13 O.O0000E+O0 0.00000
5.8682E+08 0,00000E+00 0.00000

S.O000E+13 0.00000E+00 O.O0000
1.197_E+IZ 0.00000E+00 0.00000
2.0000E÷13 O.00000E+O0 0.00000
Z.9307E+06 O.O0000E+O0 0.00000
2.1031E+13 O.O000OE+O0 0.00000
7.6735E+lZ 0.00000E+00 0.00000

1.2585E+15 0.00000E+00 0.00000
6.9805E+10 0.00000E+00 0.00000

1,2369E_13 O.00000E+O0 0.00000
2.0000E+15 0.00000E+00 0.00000
5.2663E+04 O,O0000E+O0 0.00000
1.9580E+10 0.00000E+00 0.00000
Z.48qZE+IO 0.00000E+00 0.00000
1.95gOE÷lO 0.00000E+00 0.00000

3.7000E+12 O.O0000E+O0 0,00000
1.0000E÷13 O.O0000E+O0 0.00000
2.6268E+12 O.O000OE+O0 0.00000
1,760IE÷10 O.00000E+O0 0.00000

3.5950E÷12 O.O0000E+00 0.00000
1,3413E÷13 O.O0000E+00 0.00000
5.0000E÷lZ O.O0000E+O0 0.00000
4.0000E÷13 O,O0000E+O0 0.00000
3.0000E÷IS 0.00000E+00 0.00000

3.O000E+L5 O.O0000E+O0 0.00000
3,0000E+13 O.O0000E+O0 0.00000
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DERIVATIVES (CG$ UNITS): T

HIXTURE MOLECULAR HEIGHT Z8.21102

TABLE D.2.--Condnued.

(g) Continued.

76 2,0000E÷13 O.O0000E+O0
77 2.8889E÷12 O.O0000E+O0
78 7.1305E÷14 O.O0000E+O0
79 1.8_92E+06 O.O0000E+O0

80 5.1015E+11 O.O0000E+OD
81 6._856E÷10 O.O0000E+O0
82 2.9616E÷11 O.O0000E+O0
83 1.4726E+12 O.O0000E+O0

8_ 7.170BE+12 O.O0000E+O0
85 5.8799E+15 O,O0000E÷O0

86 5,7189E+13 O.O0000E+O0
87 8,0000E+12 O.O0000E+O0
88 9.7622E÷15 O.O0000E+O0
89 _.8329E+10 C,O0000E+OD

90 5.99_8E+12 O.O0000E+O0
91 1.8000E+12 O,O0000E+O0
92 7.8000E+11 O,O00OOE+O0
93 2.0307E÷11 O.O0000E+O0
9_ 7.7952E+12 O.OOOOOE+O0
95 t.9630E÷15 O.O0000E+OO

96 3.956ZE+01 O.O0000E+O0
97 4.1765E+15 O.O0000E+O0
98 1.0018E÷02 O.O0000E+O0
99 7.1175E-01 2.12050E+01

lOO 3.6090E+08 O.O0000E+O0
101 1.2_97E+13 O.O0000E÷O0
lOZ 1.4798E+11 O.O0000E+O0
103 1.7_6ZE+11 O.O0000E+O0

104 1.2000E÷13 O.O0000E+OO
105 _.232_E+13 O.O0000E+O0
106 6.9658E+12 O.O0000E+O0
107 8.0770E÷12 O.O0000E+DO
108 2,3801E+13 -3.7776_E+O&

109 3.7000E+12 O.O0000E+O0
110 2.0000E+13 O.O0000E+O0
111 1.0000E+13 O.O0000E+O0
llZ 2.0000E+13 O.O0000E+O0

11_ 8.4381E+11 O.OOO00E+O0
114 2.O000E÷IZ O.O0000E÷DO
115 1.1405E÷15 O.O0000E+O0
116 Z._O70E+12 O.O0000E+O0

117 8,3826E+12 O.O0000E+O0
118 7.9225E+15 O.O0000E+O0
119 2.2_57E+1_ O.O000OE+O0
120 _.6958E÷07 O.O0000E+O0

1Z1 $.1028E+07 O.OOOOOE+O0
1Z2 2.8558E÷04 O.O0000E+O0
1Z3 4.0000E+12 O.O0000E+O0
1Z_ 2.5566E+07 O.O0000E+O0
]Z5 2._991E÷10 7.805ZSE+O0

126 2.6097E+10 O.O0000E+O0
127 8.6897E÷11 O.O0000E+OD
1Z$ 4,4875E÷09 O,O000OE+O0
129 9.2394E+15 O.O00OOE+O0

130 9.2627E+15 O.O0000E+O0
151 5.OOOOE+12 O.O00DOE+O0

132 6,4_95E÷15 O.O0000E+O0
153 _.6000E÷13 O.O00OOE+O0

7.80578E-05 RHO 5.54600E-08 V -5,05156E+00

TOTAL ENERGY EXCHANGE RATE 5.gZlOSE+06 MASS FRACTION SUM
(CAL-CN_3/GX_2/SEC)

CPU TIME FOR INITIALIZATION OF LSEN$ = 1.070000 S

0.00000
O.O000O
O,O000O
o.OOOO0

0.00000
0.00000
0.00000
0.00000
0.00000

O.O0000
0.00000
0.00000

0.00000
0.00000
0.00000
0.00000
0.00000

0.00000
O.OOOO0
O.O0000
0.00000
0.00000

0.00000
1.00000
0.00000
0.00000

0.00000
0.00000
0.00000
0,00000

0.00000
O.OOO00
1.00000
0.00000
O.O0000

O.OOO00
0.00000
0.00000

O.O0000
O.OOO00

0.00000
0.00000
0.00000

0.00000
0.00000
O.OOOOO
0.00000
0.00000

0.00000
1.00000
0.00000
0.00000

0,00000
0.00000
0.00000
O.O0000
0.00000
0.00000

1.00000000
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SPECIES

CH4
CH3
H

H2
02
H02
g
OH
H2B

CH30
CH20
C2H6
C2H5

C2H4
CN2

- C2H3
C2H2

HCO
C2HZO
C2H
CO
C2HO
CN

C02
H202
N2

HCN

N
CN
HNCO

NCO
NH2
NO
NH

NO2
N20
HNOZ
HNO3
HNO

TIME 2.9_000E-04 SEC

FLON PROPERTIES

PRESSURE
[ATM)

VELOCITY

{CM/SEC)
DENSITY

(G/CMw_3)
TEMPERATURE

CDEG K)

MASS FLON RATE
(G/SEC)

ENTROPY
(CAL/G/DEG K)

MACH NUMBER

GAMMA

ENTHALPY

(CAL/G)
SP. HEAT (CPJ

(CAL/G/DEG K)

CONCENTRATION

(MOLES/CM_W3)
5.7O_93E-31
1.12286E-09
4.21831E-08

3.80956E-08
8.63035E-07
1.73619E-10
1.00967E-07

1.48973E-07
7.2205_E-07
6.18167E-12

1.75679E-11
7.07055E-14
5.79157E-16
3.29110E-13
1.O1311E-1I
1.07964E-14
5.02564E-14

1.07281E-12
1.70385E-14
3.39526E-16
1.31666E-07

7.37796E-14
2.12511E-12
2.95949E-07
9.94270E-12

6.47215E-06
3.48809E-13

1.06319E-12
2.25791E-15

5.04079E-14
1.49924E-14
2.28551E-12
6.32259E-10
6.76764E-14

4.20064E-13
6.53_80E-12
2.65700E-14
3.10331E-18
8.99356E-14

MOLE FRACTION

6.46442E-06
1.27255E-04

4.77989E-03
4.31672E-03
9.77931E-02
1.96735E-05

1.23473E-02
1.68006E-02
8.18101E-02
7,00464E-07

1.99067E-06
8.01186E-09
6.56260E-11
5.72925E-08
1.14798E-06

1.22358E-09
6.60121E-09
1.21563E-07
1.93069E-09
3.04728E-11

1.49194E-02
8.36019E-09
2.40803E-07
3.35349E-02
1.12665E-06

7.33378E-01
3.95245E-08

1.20473E-07

2.55851E-10
5.71187E-09
1.69884E-09
2.58978E-07
7.16432E-05

7.66862E-09
4.75987E-08
7.40478E-07
5.01073E-09

3.51645E-13
1.01909E-08

TAB LE D.2.---Condnucd.

(g) Continued.

AREA 1.43983E÷03 SQ CM

1.73125

159765.65

2.43084E-04

2390.72

5.59179E+04

2.3065

1.6664

1.2738

3.79465E+02

3.35641E-01

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CM_KS/SEC) HUMBER

-5.56527E-06 1

-1.13689E-04 2
-5.23517E-04 3
-2.31095E-04 4
-I.05168E-03 5

-5.66640E-07 6
-8.59825E-04 7
-1.31377E-04 8

7.44332E-04 9

-5.26294E-07 10
-1.52109E-06 11
-1.90424E-08 12

7.31591E-11 13
-7.09441E-08 14

-9.85971E-07 15
-2.48748E-09 16
-1.21744E-08 17
-9.27399E-08 18

-2.55950E-09 19
-6o59282E-11 20
-2.08052E-03 21
-1.44017E-08 22
-2.15627E-07 Z3

2.20539E-03 24
-1.63298E-07 25
-1.37895E-05 26

-2.73224E-08 27

1.50510E-08 28
-1.71466E-10 29
-1.34537E-09 30

-9.46275E-10 31
9.41418E-09 32
2.75254E-05 53
1.26142E-09 34
1.93621E-08 35

1.76058E-08 56
7.54597E-10 37
9.60823E-14 38
1.93850E-09 39

40

41
42
43
44
45

46
47
40
49

50
51
52
53
54

55
56
57
58

59
60
61

62
63
64
65
66
67

68
69
70
71

72
73

74
75
76
77

78

AXIAL POSITION 4.70000E+01 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 171

AVERAGE STEP SIZE 0,41227E-01

METHOD ORDER q

TOTAL NUMBER OF STEPS 353

FUNCT EVALUATIONS 500

JACOBIAN EVALUATIONS 55

RATE CONST NET ENERGY EXCHANGE RATE NET RATE/POSI-

CGS UNITS CCAL-CM_3/GwKZ/SEC) TIVE DIR RATE
1.80_0E+09 -5o17899E+07 0.96982
1.0293E+13 4.46211E+04 0.17278
6.0330E÷08 -7.57979E+04 0.73913

1.6120E+13 7.59534E+05 0.17566
8.7006E+12 -3.16252E+06 0.17541
5.7333E+10 1.16335E+06 0.04321
6.3000E÷12 0.79239E+06 0.04156

6.0150E÷11 1.13871E+07 1.00000
1.0686E+15 -9.64762E+05 0.04718
1.7133E+13 -5.32624E+03 0.99996
2.1650E+13 -1.21172E+04 0.99996

4.1470E+13 -1.56484E+05 0,99996
1.4659E+14 _.27759E+05 0.87169
6,9815E+II -7.50651E+01 0.98515
4.8000E+IS -1.29580E+03 0.99680
2.0000E+15 -2.40673E+05 0.99901

1.7525E+13 -1.01347E+04 0.99919
1,4645E+10 3.00121E+04 1.00000
3.7051E+12 -5.36740E+04 0.99919
1.6541E+12 -1.97671E+04 0.99195

2.6014E+12 -4.23644E+04 1.00000
0,7269E+12 -3.92109E+04 0.99996
3.5630E+12 2.55274E+05 0.99841
4.1950E+12 -5.25494E+0_ 1.00000
6.0000E+12 -2.77687E+03 0.99996

3.3000E+15 -5.32106E+04 1.00000
5.OOBOE+IZ -1.OZ150E+O4 0.99996

3.0000E+13 -3.60306E+00 0.99090
3.0000E+15 -1.54389E-04 0.99921

6.9464E+06 -7.79094E+00 0.50538
1.9953E+15 -1.02390E+05 0.99909
4.2420E+13 -1.04745E+05 0.99324
1.4435E+12 1.60360E+03 0.94988
3.0681E+11 -1.01478E÷03 0.98752

3.6462E+15 -4.88509E+03 0,86526
2.0000E+13 -7.10544E+02 0.86503
8.6261E+Ii -7.62342E÷04 1.00000
1.2020E+12 -1.61548E+04 1.00000
1.O000E+15 -5.02556E÷0_ 1.00000

S.O000E+13 -5.62043E+04 0.06517
5.0000E+13 -3.60992E+01 0.99998
6.5640E+12 -2,43154E+00 0.99994
1.0000E+13 -6.96815E-02 1.00000

2.8000E+13 -I.83031E+04 0.99986
3.9885E+12 -1.35077E+03 0.45802
5.4917E+12 3.40106E+04 0.94035
1.3923E+15 -1.70244E+02 0.45629
9.2BZOE+12 -4,49845E+01 0.45818

2.0000E÷13 -6.42681E+0_ 1.00000
6.5476E+10 -2.4945ZE+04 0.65940
5.O000E+L3 -2.28976E+03 0.99874

2.2108E+12 -6,20734E+06 1.00000
2.0000E+13 -7.38735E+06 1.00000
1.9692E+09 4.62373E+05 0.99209
2.3304E+13 -2.99380E+07 0.99980

1.0794E+13 -1.89509E+06 0.99980
1.6719E+15 -6.57142E+06 0.99980
1.3828E÷11 -6.74655E+02 0.99976
1.4669E+13 -2.66371E+04 0.99489
2.0000E+13 -1.15848E+06 0.79425

8.2479E+07 1.25085E+06 0.82486
2.2161E+11 9.59954E+05 0.99563
1,6856E+11 2.53483E+06 0.99564
2.2161E+11 -5.98533E+06 0.99564
3.7000E+12 -2.51915E+06 1.00000
1.0000E+13 -2.23620E+07 1.00000

5.6491E+12 -5.05691E+07 0.99999
2.0299E+II -2.06745E+03 0.95050
7.0612E+12 -2.930_9E+06 0.95048
2.6049E+13 -4.29786E+05 0.93026

5.0000E+12 -6.11830E+02 0.99982
4.0000E+13 -9.06783E+03 1.00000
3.0000E+13 -1.67365E+07 0.98041
3.0000E+15 -5.1_479E+06 0.99579

3.0000E+13 -0,3972_E+06 0.99579
2.0000E+13 -1,35621E+06 0.99577
1.0941E+13 2.22615E+07 0.83069
1.0125E+15 -2,71219E+O8 0.98288
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DERIVATIVES (CGS UNITS)_ T

MIXTURE MOLECULAR HEIGHT 27.54450

TABLE D.2.---Confinued.

(.g) Concluded

79 1.0922E+08 -5.31228E+05

80 3.3785E+11 -8.69108E+08
81 4.6079Et11 -8.93559E+06
82 1.4245E+12 9.41893E_06
83 5.9875E+12 1.06652E+08

84 2.3242E+13 1.05930E+07
85 4.6535E÷13 -2,37923E+08
86 4.0509E+13 -5.16523E+08

87 8.0000E+12 -1.85830E+08

88 1.0698E+14 -3.53684E+08
89 4.1000E+11 -6.47435E÷06
90 4.5145E÷12 -3.39511E+06
91 1.8000E+12 2.51669E÷04

92 7.8000E+11 -3.66899E_05
93 9.9547E÷12 -2.27140E+07
94 1.3132E+13 -6.02479E+07
95 1,8021E+15 -1.39117E÷09

96 3.1804E÷05 -4.93960E+08
97 2.9698E÷15 -2,03459E÷08
98 3.6856E÷05 -2.55127E+07
99 1.2242E+04 -7.35218E_06

lO0 1.8327E+09 1.39732E÷03
lOl 1,9663E+13 5.61968E_03

102 7.9177E+11 9.94238E+03
lOS 2.2107E÷II -2.54811E÷03
104 1.2000E+13 -3.84606E+03

105 7.0704E+13 -5.08990E+03
106 1.5040E+13 4.93186E+02
107 1.6710E+13 -1.40350E÷03
108 2.5926E+13 -2.97245E+03
109 3.7000E+12 2.47856E+01

110 2.0000E+13 -5,65425E+04
111 1.0000E+13 -4.75469E-01
112 2.0000E+13 -7.62101E+03
113 1.9745E+12 -1.81552E+03

114 2.0000E÷12 -3.27179E+03
115 1.6047E+13 -6.76546E+03
116 2.3107E+12 -1.92250E+02

117 8.8210E÷12 -2.45625E+05
118 7.1743E÷15 -4.78280E+06
119 2.5465E÷14 -1.74329E+06
120 6.4816E÷09 -6.95800E÷06

121 1.5012E+09 -2.72471E+06
122 1.9267E+07 1.72713E+07
123 4.0000E+12 -2.33353E+00
124 2.8298E÷09 -7.22372E+05
125 2.7449E_11 -2.12419E+05

126 2.5451E÷11 -1.08668E+05
127 3.1613E÷12 -7,46464E+05
128 5.3598E÷10 -2.80283E+03
129 6.6758E÷15 -8.04826E-02
130 8.0093E÷15 -6.18944E+03

131 5.0000E+12 -1.68918E+04
132 6.1269E÷15 -4.06066E+05
153 3.6000E+13 -5.47495E+05

2.13842E÷01 RHO -1.82919E-06 V 1.22400E+00

TOTAL ENERGY EXCHANGE RATE -4.71024E÷09 MASS FRACTION SUM

(CAL-CM_3/G_WZ/SEC)

0.31508
0.31190

0.85228
0,00029
0.00172
0,00548

0.78420
0.78495

0.78489

0.78532
0.88118
0.88156
0.44940

0,97457
0.02108
0.00518
0.88029

0.97511
0.97512
0.97503
0.97507
1,00000

0.90925
0.90956
0.94536

0.99974
0.54712
0.24782
0.26496
0.54790

0.34184
0,99999
0.99306
0.99937

1.00000
0.99980
0.07033
0,00929

0.78294
0,88517
0.78331

0.98006
0.98010
0,99832
0.99568
0.86721

0.81230
0.99999
0.81262
0.88464
0,00003
0.00110

0.96240
0.33593
0.96252

1.00000003

COMPUTER TIME (CPU) REQUIRED= FOR THIS STEP - 1.128000E÷01 5 UP TO THIS TIRE -

(LSEN5) END OF THIS CASE

SUHMARY OF COMPUTATIONAL NORX REQUIRED FOR PRODLEM=

TOTAL NO. OF STEPS - 353
TOTAL NO. OF DERIVATIVE EVALUATIONS - 500
TOTAL NO. OF JACOBIAN EVALUATIONS - 55
TOTAL CPU TIME - 21.840000 S

2.184000E÷01 5

TOTAL CPU TIME (INCLUDING l/O) REQUIRED = 24.139996 S

(LSEN$) READ DATA FOR NEXT CASE
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REACTION
NUMBER

1

2
3
4
5
6
7
8
9

10
11
lZ
15
14
15
16
17
10

19
20
21
22
23
24

25
26
27
28
29
50

31
32
33
34
55
36

57
38
39
AO
A1

42
A3
44
45
46

47
48
49

50

51
52
53
54

55
56
57
56
59
60

61
62
63
64
65
66

67
60
69
70
71
72
73

74
75
76

TABLE D.2.---Continued.

(h) Case 8

CC

_x DATA LINES _

1 2 3 4 5 6 7 8
1234567_9_125456789_1254567_9_1_54567_9_54567_9_1_56789_5_56789_23_567_9_

LSENS METHANE - AIR NITH AREA AND TEMPERATURE PROFILES OF CASE 6 CASE 0
REPEAT
DISTANCE AREA

8peob tass=.truo,, &end

&tmpdat xtb=O.O,15.0,20.O,25.0,30.O,S2.O,SA.0,36.0,58.0,40.O,ql.0,
42.0,45.0,44.0,45.0,46.0,_7.0,40.0,

tmPtb=1700.O0,1702.SO,1707,74,1718.05,1738.22,1751.AS,1769.70,

1796-16,1838.65,1959.65,2127.05,2225.54,2270.46,2307.71,2559.56,
2366.75,2589.90,2q09+76,

tprint=1758.22,1939.65,2389.90, &end
8stare P=I.7S0, mach=2.O, 8end

CH4 0.049768
02 0.199072
N2 0.75116
CH 0.0000001
END

85o|ver emax=l-0E-5, atolsp=/.0E-12, mr=z1, &end
FINIS

DISTANCE-AREA VERSION

M
I_H
IXCH4

I_OH
I_CH5

I_CHS
M

lXN
1_0
lXOH

N
I_CZH5
lXH
1NCH$

lxH
H

1_C2H4
1_C2H4

1_C2H4
1_C2H4

M
1NCZH3
lXC2H3
1_C2H3
IKC2N$
1_C2H$

1_C2H5
M

1_02H2
lXCZHZ
I_C2H2
1_C2H2

I_C2H
I_C2H
lXCZH0
I_CZH0
1_02H0
lXC2HO

IWC2H0
1XC2H0

1_C2H20
IWCZH20
IWCZN20
I_C2N2O

1_02N20
IXC2H2O

M

I_C2H
1NCHS0
leCHSG

H
I_CHZO
1_CH20
1_CH20
1KCH3

I_CH3
I_CH5

H
1KH
1_0
1XOH
I_CH

1XCH
1wCH2
I_CH2
I_CH2
I_CH2

Z_HCO
I_MCO
Z_HCO
I_HCO

LENIS SENSITIVITY AND GENERAL KINETICS PROGRAM NASA LEHIS RESEARCH CENTER

LSENS METHANE - AIR NITH AREA AND TEMPERATURE PROFILES OF CASE 6 CASE 8

REACTION REACTION RATE VARIABLES

A N

* I_CN4 = I_CN5 + 1WH 2.00000E+17 0.0000

+ 1WCH4 I_CH5 + 1EH2 1.26000E+14 0.0000
÷ 1_02 I_CN3 + 1EH02 7.94000E÷15 0.0000
÷ ZwCH4 = I_CH3 + 1EOH 1.90000E÷14 0.0000
+ 1_CH4 1_CH$ + 1_H20 2.50000E÷15 0.0000
+ 1;0Z ]_CHS0 + lEO 2.40000E÷15 0.0000
+ I_OH = 1ECHS0 + I_H 6.30000E+12 0.0000

+ I_CHSO = 1_CH20 • 1EH 5.00000E+13 0,0000
2_CH5 1_C2H6 2.40000E+14 -0.4000

• 1_C2H6 1EC2N5 • 1_H2 1.32000E,14 0.0000
+ I_CZH6 = IEC2N5 + lEON 1.15000E÷14 0,0000
• IEC2H6 1_C2H5 + 1EH20 8.70000E+15 0.0000

÷ 1EC2H5 = ]EC2H4 _ IEH 1.00000E÷17 0.0000• 1_02 IEC2H4 1EH02 2.00000E+12 0.0000
• I_C2H5 = I_C2H4 ÷ IXH2 4.00000E÷13 0.0000

• lEON2 llC2H4 + 1EH 2.00000E+13 0.0000
÷ IEC2H4 = IEH2 + IEC2HS 1.50000E÷14 0.0000

1EC2H4 1EC2H2 ÷ ' 1EN2 2.60000E÷]7 0.0000
1EOH = 1_C2H3 • 1EH2O 4.80000E+12 0.0000

• 1_0N IECH5 + ¿ECH20 2.00000E+12 0.0000
• lEO = 1ECH5 • I_HCO 5.30000E+12 0.0000

• 1_0 I_CH20 + 1ECH2 2.50000E+13 0.0000

• 1_02H5 = 1EC2N2 _ 1EH 3.00000E+15 0.0000
• 1_02 IECH20 I_HC0 $.9S000E+12 0.0000
• I_H = IEC2H2 • 1EH2 6.00000E÷12 0.0000
+ 1_0 1EC2H2O ÷ I_H 3.50000E÷]3 0.0000
• IX0N = I_C2H2 • IEH20 5.00000E÷12 0.0000
• 1ECH2 IXC2H2 • IECH3 5.00000E+15 0.0000

+ I_C2H = 2_02H2 5,00000E÷15 0.0000
+ 1_C2H2 IEC2H + I_H 4.20000E+16 0.0000
• 1_0 = I_CH2 • 1ECO 1.60000E÷]4 0.0000
• l_fl IEC2HO ÷ I_H 4.00000E÷|4 0.0000

• IEOH = I_C2H • 1_H20 6.30000E÷]2 0.0000
+ I_OH I_C2H20 • I_H 5.20000E÷I¿ 0.0000
÷ 1EO2 = I_C2H0 ÷ 1_0 5.00000E+15 0.0000
+ I_OH I_C2HO • I_H 2.00000E+13 0.0000
+ 1_02 = 2_C0 ÷ IEDH 1.46000E÷12 0.0000

• 1_0 = 2_C0 • 1EH 1.20200E+12 0.0000
• Z_0H = 2_HCO 1.00D00E+]3 0.0000
+ I_H 1WCH2 ÷ 1WOO 5.00000E+]3 0.0000
÷ I_CN2 IEC2N5 + 1_C0 S.00000E•I3 0.0000
• lXCH2 = 1ECH20 • I_C2H 1.00000E+I3 0.0000

2xCZNO = 1EC2N2 • 2_C0 1.00000E+]5 0.0Q00
+ I_0H = 1ECH20 ÷ I_HC0 2.80000E•]5 0.0000

÷ 1EOH I_C2HO ÷ 1EN2O 7.50000E+]2 0.0000
• I_H ]_CH3 + l_CO 1.15000E+13 0,0000
+ I_H I_C2HO + 1_H2 7.50000E+15 0.0000

• 1_0 1_02H0 + IEOH 5.00000E÷15 0.0000
• lEO = 1_CH20 + 1_C0 2.00000E+15 0.0000
• I_C2H2O Z_CH2 + 1_C0 2.00000E+16 0.0000

• 1_0 = 1ECO • IECH 5.00000E+15 0.0000
+ 1_02 I_CH20 • IEH02 1.00000E+15 0.0000
+ I_H = I_CH20 + 1_H2 2.00000E+13 0.0000
+ I_CH2O = l_NCO + 1EH 5.00000E•16 0.0000

+ 1EOH I_HCO + I_H20 3.00000E+13 0.0000
• 1EH = IEHCO + 1_H2 2.50000E+15 0.0000
• 1E0 = 1EHCO + lEON 3.50000E÷13 0.0000
+ 1ECH20 I_CH4 • 1EHCO 1.00000E•10 0.5000
+ 1EHCO 1ECH4 + 1_C0 3.00000E÷11 0.5000
÷ 1EH02 = I_CHSG + 1EOH 2.00000E+13 0.0000

• 1ECH5 I_CH2 + 1EH 1.95000E+16 0.0000
• 1ECH5 = lxH2 + 1ECH2 2.70000E+11 0.6700
+ 1ECH5 l_ON + I_CH2 1.90000E+11 0.6800
• 1ECH5 = 1EHZO + 1ECH2 2.70000E÷11 0.6700
+ lEO02 I_HCQ + 1EC0 3.70000E,12 0.0000
• 1E02 = 1EHCQ + lEO 1.00000E+13 0.0000
• 1E02 1ECH20 + lUG 5.00000E÷11 0.5000

• 1_0 = IECH • )EOH 2.00000E÷11 0.7000
• IEOH = 1ECH • ]EH20 S.00000E÷ll 0.5000
÷ l_N IECH • 1EH2 3.20000E•11 0.7000

2_CHZ = I_CZH3 • 1EH 5.00000E÷12 0.0000
2_CH2 IEC2H2 + IEN2 4.00000E÷13 0.0000

• 1E02 1_C0 • IEHOZ S.00000E÷13 0.0000

• IEO = l_CO + I_OH 3.00000E+13 0.0000
• l_ON IECO + 1EH20 S.O0000E÷13 0.0000
• lXH = IECO • ]XH2 2.00000E÷15 0.0000

ACTIVATION
ENERGY

08000.00

11900.00
56000.00
11720.00

S010.00
28600.00

0.00
21000.00

0.00
9700.00
7850.00
5520.00

51000.00
5000.00

0.00
0.00

10200.00
79300.00

1230.00
960.00

1130.00
5000.00

32000.00
-250.00

0.00

0.00
0.00
0.00
0.00

107000.00
9890.00

10660.00

7000.00
200.00

1500.00
0.00

2500.00

0.00
0.00
0.00
0.00

2000.00
0.00

0.00
3000.00
3420.00

8000.00
8000.00

0.00
60000.00

0.00
7170.00

0.00
81000.00

1200.00
3990.00
5510.00
6000.00

0.00
0.00

91600.00

25700.00
25700.00
25700.00

0.00
0.00

6960.00
25800.00

5900.00
4970.00

0.00
0.00

0.00
0.00
0.00
0.00
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77
70
79
80
81
02
83

04
85
06
07
08
09

90
91
92
95
94
95
96

97
98
99

100
101

102
lo3
104
105
106

107
108
109

110

llI
112
113
11;
115

116
117
110
119
120

121
122
123
12_
125
126
127
128
129
13o

131
1S2
133

H(H2
H(02
M(H2
H(C02
M(N2

TABLE D.2.---Continued.

(h)Continued.

H + I_NCO = 1KH
1_C0 + lxO IXC02
lJCO + Iw02 1wC02

1_C0 + l_ON lxC02
1_C0 + 1XHO2 = 1_C02
1_0 + lXH20 2_OH
I_H + 1_02 = l_ON
l_O + lXH2 lxON
I_H + IxH02 l_N2
1_0 + l_HO2 = l_ON

l_HO2 + 1XOH = l_H20
I_H + 1XHO2 = 2xOH
I_HZ + l_H02 1_H202
lXOH + 1_N202 = 1_H20

2_H02 = I_HZ02
1WH + I_H20Z IMON

M * lXH202 2XON

l_H2 + 1_0H = IXH20
l_H + 1_02 I_H02

M + 1_H20 = I_H
l_N + 1_0 l_ON

M + 1_H2 2_H
M + 1W02 = 2wO

I_CH + 1_N2 I_HCN
1WCN + 1_H2 I_HCN
1_0 + I_HCN = I_OH
l_ON + 1WHCN 1XHNCO
I_CN + 1_0 = lXCO

l_CN + I_OH l_NCO
l_H2 + I_NCO = I_HtlCO
I_HNCO + I_H I_NH2
I_CN + l_OZ = I_NCO

I_CN + 1_C02 I_NC0
1_0 + l_NCO = I_NO

l_N + l_NCO = IWNZ
IWH + I_HCO ]WNN

l_CH + l_NO = I_N
I_CH + I_NO = 1_0
I_NH + l_ON = l_ll
l_NO2 + I_NO = lxN02
1_0 + l_N02 I_NO

I_NO + 1_0 = 1_N02
1WN02 + l_fl 1_N0
I_NO + 1wH 1WN
I_NO + 1_0 I_N
1_0 + 1_N2 = I_NO
I_N + 1_N02 2_N0

M + l_N20 l_N2
1wO + l_N20 = 1_N2

lwO + 1WN20 2WNO
l_N20 + I_H = l_N2
l_N02 + 1WH2 = I_HNOZ
1WOH + 1_N02 = 1WHN03
lXOH ÷ I_NO I_HN02
1WHNO + 1wN 1WH2
I_H + 1wHO = 1WHNO
I_HNO + I_OH 1_H20

ALL THIRD

+ 1_C0
+ ' H

+ 1_0
+ I_H
+ I_OH

+ l_O
+ 1WH
+ 1w02
+ Iw02

+ 1_02

+ I_H
+ INN02
+ 1_02
÷ I_H20

+ IXH
+ M
+ I_OH
+ H

+ l_N
+ I_H
+ I_CN
+ I_H
+ l_H

+ I_H
+ I_H
+ I_CO
+ I_0

+ l_CO
+ l_CO

+ I_CO
+ 1wCO
+ I_HCO

+ 1WHCN
+ l_H20
+ 1wON
+ 1_02
÷ M
+ l_ON
+ I_OH

+ IWOZ
÷ l_N

+ 1_0
+ 1_02

+ lXOH
+ lXN
+ N

1 H1WNO
÷ H
+ I_NO

2.90000E+1_ 0.0000 15570.00

2.40000E+15 0.0000 4100.00
2.50000E+12 0,0000 47690,00
4.17000E+11 0,0000 1000.00
5.75000E+15 0.0000 229_0.00
6.80000E+15 0.0000 18365.00
1.09000E+14 0.0000 16400.00
4.20000E+14 0,0000 1S750.00
7,28000E+1_ 0,0000 2126.00
5.00000E+10 0.0000 1000,00

8.00000E+12 0,0000 0.00
1.34000E+14 0.0000 1070.00
7.91000E+1_ 0.0000 25000.00
6.10000E+12 0.0000 1450.00
1.00000E+12 0.0000 0.00
7.60000E_11 0.0000 0.00
I._000E+17 0.0000 45510.00

_.7_000E+l_ 0.0000 6098.00
1,_6000E+15 0.0000 -1000.00
1.30000E+15 0.0000 105140.00
7.10000E÷10 -1.0000 D.O0
2.20000E+1_ 0.0000 96000.00

1.80000E+18 -1.0000 118020.00
1.00000E+11 0.0000 19000.00
6.00000E+I_ 0.0000 5500.00
1.40000E+11 0.6000 16900.00
4.00000E+II 0.0000 2000.00
1.20000E+1_ 0.0000 0.00

2.50000E+lq 0.0000 6000,00
1.00000E+14 0.0000 9000.00
1.00000E+14 0.0000 8500.00

3.20000E+1_ 0.0000 1000.00
5.70000E+12 O.O00O 0.00
2.O0000E+l_ 0.0000 0.00

1.00000E+1_ 0.0000 0.00
2.00000E÷13 0.0000 o.o0
1.60000E+13 0.0000 99_0.00

2.00000E+12 0.0000 0.0o
5.00000E+11 0.5000 2000.00
2.09000E÷12 0.0000 -477.00
1.00000E+15 0.0000 596.00
5.62000E+15 0.0000 -1160.00
5._7000E+14 0.0000 1470.00
2.6_000E+14 0.0000 50410.00
3.80000E+09 1.0000 41370.00

1.80000E+1_ 0.0000 76250.00
4.00000E+12 0.0000 0.00
6.92000E+2_ -2.5000 65000.00
1.O0000E+14 0.0000 2_020.00
6.92000E+13 0.0000 26630.00
7.59000E+13 0.0000 15100.00
Z.40000E+13 0.0000 29000.00

3.00000E+IS 0.0000 -5800.00
5.60000E+15 0.0000 -1700.00
5.00000E+12 0.0000 0.00
5,_0000E+15 0.0000 -600.00
3.60000E+13 0.0000 0.00

BODY RAIIOS ARE, 1.0 EXCEPT THE FOLLOHING

• 931 = 2.30000 M(02 , 93) =
, 95) = 1.30000 M(N2 , 95) =
• 96) = 4.00000 M(O2 • g6) =
• 96) = 4.00000 M(N2 , 901 =
, 90) = 2.00000 M(O2 ,129) =

TIME 1.87696E-04 SEC

FLOH PROPERTIES

PRESSURE 1.75000
(ATM)

VELOCITY 159827.59
(CM/SEC)

DENSITY 3.41950E-04

(G/CN_3)
TEMPERATURE 1738.22

(DEG K)
HASS FLQH RATE 5.59195E+04

(G/SECI
ENTROPY 2.1560

(CAL/G/DEG K)
HACH NUMDER 1.9774

GAMMA 1.2743

ENTHALPY 3.79343E+02
COAL/O)

5P. HEAT (CP) $.27469E-01

CCAL/G/DEG K)

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CMe_5)

OH4 4.gI663E-07 4.05555E-D2
OH5 1.87424E-08 1.54523E-05
H 1.00505E-10 8.26970E-06

H2 8.70599E-09 7.17771E-0_
02 2.33987E-06 1.92912E-01
HO2 2.14976E-00 1.77238E-0_
0 1,62638E-10 1.54088E-05
OH 5.01110E-10 4.15143E-05
HI0 9.193glE-00 7.57998E-03
CHSO 2.01656E-10 1.66240E-05

0.70000 M(H20 , 9S) = 6.00000
1._0000 M(H20 , 95) = 21.30000
1.50000 M(H20 , 96) = 20.00000
_.10000 M(O2 , 9_) = 2.00000

0.70000 M(N2 ,1291 = l._0000

H(H202 , 93) = 6.60000
N(CO2 . 95) = 7.00000
M(N2 , 96) = 1.50000
M(H20 , 9_) = 15.00000

AREA 1.02522E+05 SQ CM AXIAL POSITION 3.00000E+01 CN

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 00

AVERAGE STEP SIZE 0.30091E+00

METHOD ORDER 5

TOTAL NUMBER OF STEPS 80

FUNCT EVALUATIONS 105

JACOBZAN EVALUATIONS 17

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION

RATE (HOLE/CM_3/SEC) NOHBER
-2.0_28E-05 1

2._1396E-04 2
2.62788E-06 3
1.02136E-0_ 4

-1.51872E-05 5

1.86215E-05 6
5.50719E-06 7
1.17881E-05 8
2.06236E-03 9
3.28997E-06 10

RATE CONST NET ENERGY EXCHANGE RATE NET RATE/POSI-

COS UNITS (CAL-CNWWS/OWW2/SEC) TIVE DIN RATE
1.72_3E+06 4.22765E+06 D.A505&
4,0194E+12 8.95979E+05 0.85780
7.2249E+06 -4.50456E+06 0.54351
6.3852E+12 1.07995E+07 0.996]2
5.8617E+12 -1.7_675Et08 0.98245

5.9459E+09 6.31448E+07 0.90090
6.3000E+12 -1.9090_ET07 0.7607_
1.I_45E÷11 _.90085E+07 1.00000
1.2139E+13 -5.56356E+08 0.10095
7.9611E+12 -6.25094E+05 0.99997
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DERIVATIVES (CGS UNITS)= T

MIXTURE MOLECULAR NEIGNT 28.19088

TABLE D.2.---Confinued.

(h) Con_nued.

IZ4 3.6920E407 -2.59910E÷02 0.97684
125 2.9991E+10 1.53282E+01 0.99145
126 3.L036E+lO -6.145601-02 1.00000
127 9.58711+12 -I,4ZO67E+O0 0.69023

120 5,41981+09 1,06158E-01 0.99950
129 9.0157E+15 -7.80955E-05 0.00034
130 9.1608E+15 2.06336E-01 0.10095
131 5.00001+12 -2.55037E-04 0.70678

132 6.4244E+15 -2.67106E-02 0,10426
153 3,6000E+13 -I.59443E-02 0.96301

5.52418E+00 RHO -1,176281-06 V 3.113221+00

TOTAL ENERGY EXCHANGE RATE -8.475741+08 MASS FRACTION SUM 1.00000000
(CAL-CH_3/G_Z/SEC)

COMPUTER TIME [CPU) REQUIRED= FOR THIS STEP - 4.559998E+00 S UP TO THIS TIME - 4.559990E+00 S

TIME 2.94056E-04 SEC AREA 1.439851+03 S4 CM AXIAL POSITION 4.70000E+01 CM

FLON PROPERTIES

PRESSURE 1.73099
CATM)

VELOCITY 159772.69
(CH/SEC)

DENSITY 2,450591-04

TEMPERATURE 2389.90
CDEG K)

MASS FLON RATE S.S914SE+O4
(G/SEC)

ENTROPY 2.3067
(CAL/G/DEG K)

MACH NUMBER 1.6664

GAMMA 1.2739

ENTHALPY 3.80606E+02
(CAL/G)

SP. HEAT (CP) 3.35629E-01
CCAL/G/DEG K)

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 88

AVERAGE STEP SIZE 0.804101-01

METHOD ORDER 3

TOTAL NUMBER OF STEPS 201

FUNCT EVALUATIONS 329

JACOBIAN EVALUATIONS 42

CHEMICAL PROPERTIES

SPECIES

CH4
CH3
H
H2

02
H02
O
OH
H20

CH30
CH20
CZH6
CZH5

C2H4
CH2
C2HS
C2H2
HCO
CIHZO

CZH
CO
C2H0
CH

C02
HID2
N2
HCN

N
CN

HNCO
NCO
NH2
NO

NH
N02
N2O
HN02
HNO3
HNO

CONCENTRATION
(MOLES/CM_3)

6.02064E-LZ
1.19228E-09
4.508981-08
3,85719E-08
8.63190E-07

1.74059E-10
1.10579E-07
1.49823E-07
7.20497E-07

6.46103E-12
1,83927E-11
B.024251-14
6.655711-16

3.70903E-13
1o081621-11
1.23486E-14
6.54397E-1_
1.13443E-12
1.85990E-14

3.826731-16
1.33005E-07
B.24620E-14

2.29895E-12
2.94490E-07
1.O085_E-L1
6.471461-06
3.70069E-13

1.070ODE-12

2.42331E-15
5.24095E-14
1.583501-14
2,394701-12
6.36990E-10

6.78360E-14
4.20865E-13
6.508911-12
2.700521-14
5.13644E-18
9.25358E-14

MOLE FRACTION

6.82084E-06
1.35075E-04
4.BBI68E-03
4.36984E-03

9.77915E-02
1.97193E-05
1.25275E-02
1.697361-02
8.16257E-02

7.31976E-07
2.08575E-06
9.09074E-09
7.54031E-11
4.20199E-08

1.22538E-06
1.39899E-09
7.41372E-09
1.28520E-07
2.107091-09

4.355341-11
1.50683E-02
9.34220E-09

2.60450E-07
3.53630E-02
l.]_25BE-06
7.53158E-01
q.19255E-08

1.21250E-07
2.74539E-10
5.93752E-09
1.79396E-09
2.71298E-07

7.216511-05
7.68520E-09
4.76801E-OB
7.37401E-07
3.059_4E-09

5.55330E-13
1.048351-08

NET SPECIES PRODUCTION REACTION

RATE (MOLE/CM_3/SEC) NUMBER
-5.87364E-06 1
-1.20699E-04 2
-5,41198E-04 3
-2.36473E-04 4

-1.073431-03 5
-5,791971-07 6
-8.86810E-04 7
-1.57747E-04 0

7,73146E-04 9

-5.46729E-07 10
-1.59315E-06 11
-4.07503E-08 12
-7.03961E-10 13

-7.96112E-08 14
-1.053431-06 15
-3.10265E-09 16
-1.357171-08 17
-9.92805E-08 IB
-2.84900E-09 19

-7,7_788E-11 20
-2,113301-03 21
-1.63594E-08 2Z

-2,33637E-07 23
2.24375E-03 24

-1.66092E-07 ZS
-1.391621-05 26
-2.921801-08 27

1.50882E-08 28
-1.861811-10 29
-1.41584E-09 50
-1.0096_E-09 31

1.011371-08 52

2.778051-05 33
1.22212E-00 34
1.94602E-08 35
1.75658E-00 36
7.63746E-10 37

9,722041-14 38
1.98449E-09 39

40
41
42
43

44
45
46
47

_B
_9
50
51

52
53
54

55

RATE CONST NET ENERGY EXCHANGE RATE NET RATE/POSI-
CGS UNITS (CAL-CM_3/6_2/SEC) TIVE DIM RATE

1.7954E+09 -5.65144E+07 0,97085
1.0284E+13 4.87310E+04 0.17515
6.0086E+08 -8.10281E+04 0.74230
1.6106E+13 8,021751+05 0.17803
8.7054E+12 -3.40203E+06 0.17782

5.7214E+10 1.20755E+06 0.04232
6.3000E+12 9.19504E+06 0.04069
6.00591+11 1.188841+07 1.00000
1.06871+15 -1.07600E+06 0.04666

1.71211+13 -6,171551+03 0.99996
2.1658E+13 -1.39501E+04 0.9999&
4.1_60E+13 -1.78596E405 0.99996
1.4626E÷14 4.903621_05 0.07112
6.9790E+11 -8.62886E+01 0.98542

4.0000E+13 -1.52163E+03 0.99690
2.0000E+13 -2.728881+05 0.99900
1.7512E+13 -1.16610E+04 0.99919
1._561E410 3.3643ZE+04 1.OOO00
3.70481+12 -6,08421E+04 0.99919

1.65401412 -2.241121+04 0.99211
2.6012E412 -4.84566E+0_ 1.00000
8.7258E+12 -4.483701+04 0.99997

3.5548E+12 2,89131E+05 0.99843
4.1951E+12 -6.012871÷04 1.00000

6.0000E412 -3.24505E+03 0.99996
3.30001÷13 -6.17759E404 1.00000
5.00001+12 -1,17527E÷04 0.99996

3.0000E÷13 -4.40179E÷00 0.99115
3.0000E÷13 -1.99072E-04 0.99925
6.89281+06 -9.278691400 0.51982
1.9959E+13 -I.16664E+05 0.99914
4.23871+13 -1,19334E405 0.99524

1.4428E+12 1.81146E+05 0.95008
5.0680E+11 -1.14685E403 0.98770
3.6459E+15 -5.501971+03 0.86475
2.0000E+13 -8.05112E+02 0.86453
0.6245E+11 -8.52231E+04 1.00000

1.2020E÷12 -1.83268E404 1.00000
1.O000E+13 -5.65020E+04 1.00000
5.OOOOE+13 -6.47548E÷04 0.87289
5.0000E+13 -4.30850E+01 0.99998

6.5630E+12 -2.90165E+00 0.99994
1.0000E+13 -8.70650E-02 1.00000
2.8000E+13 -2.00975E+04 0.99986
3.98771+12 -1.45773E+03 0.45025

5.qgO3E+12 5.628IIE+04 3.93782
1.39151+13 -1.86508E+02 0.448_7
9.2767E+12 -_.89658E+01 0._5039
2.00001÷13 -7.12066E+04 1.00000
6.5192E÷10 -2.68353E404 0.65700
5.00001+13 -2.619631÷03 0.99880

2.2096E+11 -6.487011+06 1.O000O
2.0000E+13 -7.08882E+06 1,00000
1.9577E+09 4.81299E÷05 3.99179

2.35021413 -5.15263E+07 0.99980
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DERIVATIVES (CGS UNITS): T

MIXTURE HOLECULAR NEIGNT 27.55632

TABLE D.2.--Confinued.

(h) Concluded.

56 1.0791E413 -2.02655E+06
57 1.6714E+13 -6.98141E+06
58 1.5820E+11 -7,49698E+02

59 1.4666E+13 -2.99182E+0_
60 2.0000E+13 -1.23798E+06
61 8.1954E+07 1.31009E+06

62 2.2115E÷11 1.03927E+06
63 1,6821Eeli 2.72626E+06
66 2.211SE÷ll -6.37970E+06
65 3,7000E+12 -2.71234E÷06
66 1.O000E+]3 -2.42006E+07

67 5,6653E+12 -5.39733E+07
68 2.0256E+11 -2.23498E+03
69 7.0570E+12 -5.14635E+06

70 2.6033E+13 -6.68386E+05
71 5.0000E+12 -6.97522E+02
72 6.0000E+13 -1.05579E+04
75 5.0000E+13 -1.77206E÷07
7_ 3.0000E+15 -5.52531E+06

75 3.0000E+13 -8.93434E+06
76 2.0000E+13 -1.46561E+06
77 1,0929E+13 2.36365E+07
78 1.0122E+15 -2.78265E+08
79 1.0885E+08 -5:56056g+05

80 3.3782E+11 -8.86910E+08
81 4.6003E+11 -9.06117E+06
82 1.4226E+12 8.23685E+06
85 5.9804E+12 1.06713E÷08

86 2.3219E÷13 1.09010E+07
85 4.6528E+13 -Z.64673E+08
86 6.0506E+13 -5.27725E+08
87 8.0000E+12 -1.88176 E+08

88 1.0697E+14 -5.63733E+08
89 4.0926E+11 -6.72749E+06
90 4.5140E+12 -3.47600E+06
91 1.8000E+12 2,56925E+04
92 7.8000E611 -5.80603E+05

93 9.9220E+12 -2.35229E+07
96 1.3126E+13 -6.22577E+07
95 1.8022E+15 -1.62386E+09
96 3.1563E_05 -5.07962E+08

97 2.9708E÷15 -2.11259E+08
98 5.6600E÷05 -2.66689E+07
99 1.2142E+04 -7.58392E+06

100 1.8502E÷09 1.50970E+03
lOl 1,9655E+13 6.07974E+03

102 7.9062E_11 1.06870E+06
103 2.2182E+11 -2.71972E+03
104 1.2OOOE+15 -6.18981E+03
105 7.0673E+13 -5.50066E+03

106 1.5031E+13 5.11157E÷02
107 1.6699E+13 -1.50819E+03
108 2.5926E+13 -3.19571E+03
lO9 3.7000E+12 2,65170E+01

110 2.0000E+13 -6.06163E+04
111 1.0000E÷13 -5.05770E-01
112 2.0000E+15 -8.22439E+03
113 1.9730E÷12 -1.97772E+03
116 2.0000E+12 -3.56666E+03

115 1.6042E÷13 -7.38369E+03
116 2.5108E+12 -2.69651E+02
117 0.8206E+12 -2.50632E+05
118 7.1749E+15 -4.90809E+06

119 2.5463E÷14 -1.79043E+06
120 6.6580E÷09 -7.04101E+06
121 1.4962E+09 -2.73988E+06
122 1.9161E+07 1.74320E+07
123 6.0000E÷L2 -2.35361E+00

124 2.8189E+09 -7.34631E+05
125 2.7394E+11 -2.15135E+05
126 2.5602E+11 -1.09650E÷05
127 3.1578E+12 -7.61702E+05

128 5.3686E+10 -2.91988E+03
129 6.6776E+15 -8.14530E-02
130 8.0103E+15 -6.42917E+03
131 5.0000E+12 -1.77807E+04

152 6.1272E+15 -6.21056E+05
133 5.6000E+13 -5.67397E+05

2.16301E+01 RHO -1.83017E-06 Y 1.99510E+00

TOTAL ENERGY EXCHANGE RATE -6.83687E+09 MASS FRACTION SUM
(CAL-CN_X3/G_Z/SEC)

0.99980
0.99980

0.99976
0.99518
0.79714

0.81871
0.99564
0.99566
0.99565
1.00000

1.00000
0.99999
0.93021
0.93020

0.92997
0.99981
l. O0000
0.90129

0.99604
0.99604
0.99602
0.83662
0.98353

0.31370
0.31254
0.85463
0.00025
0.00169

0.00348
0.78744
0.78818

0.78813

0.78856
0.88377

0.88415
0.65321
0.97550
0.02159

0.00525
0.88687
0.97603
0.97606
0.97595
0.97600

1.00000
0.90889

0.90921
0.96565
0.99975
0.54791
0.24211
0.26818

0.54868
0.34238
0.99999
0.99349

0.999_I
1.00000
0.99980
0,07615

0.0119_
0.78562
0.88803
0.78598

0.97980
0.97986
0.99851
0,99568
0.86997

0.81560
0.99999
0.81571
0.88751
0.00003

0.00113
0.96366
0.33831
0.96378

1.00000003

COMPUTER TIME (CPU) REQUIRED_ FOR THIS STEP - 5.949997E+00 S

(LSENS) END OF THIS CASE

SUMMARY OF COMPUTATIONAL HORK RERUIRED FOR PROBLEH:

TOTAL NO. OF STEPS - 201

TOTAL NO. OF DERIVATIVE EVALUATIONS - 329
TOTAL NO. OF JACOBIAN EVALUATIONS - 62
TOTAL CPU TIME - 13.219994 S

UP TO THIS TIME - 1.321999E+01 S

TOTAL CPU TIME (INCLUDING 1/0) REQUIRED = 15.500000 3

(LSENS) READ DATA FOR NEXT CASE
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TABLE D.2.--Confinued.

(i) Case 9

_ DATA LINES _

I 2 3 4 5 6 7 B
_2_4_6789_2_6789_456789_567_9_23_67_9_23456789_2_67_56789_

LSENS METHANE AIR MECHANISM ASSIGNED (CONST.) TEMP. FLON PROBLEM CASE 9
REPEAT

DISTANCE PRESSURE
&prob cxO=l.TSO, combus=.true., exchr=.false.,

print:25.0,42.O,48.0, _end
a_mpda_ cxO=1700,O, &end

&s_art area=lOgO.O, mach:Z.O, &end
CH4 0.049768
02 0.199072
N2 0.75116
CN O.O0000Ol
END

gsolver emax=i. OE-4, atolsp=loOE-13, 8end
FINIS

_ EQUILIBRIUM CALCULATION _

THERMODYNAMIC EQUILIBRIUM PROPERTIES AT ASSIGNED TEMPERATURE AND PRESSURE

INITIAL STATE FINAL STATE

PRESSURE 1.7300 1.7300

(ATM)
VELOCITY O.O0 0.00
(CM/SEC)

DENSITY 3o49869E-04 5.49548E-04
CG/CH_S)

TEMPERATURE 1700,00 1700o00
ODE6 K)

ENTHALPY 379.22696 41.16700
(CAL/G)

INTERNAL ENERGY 259.48010 -78.58891
(CAL/G)

SP. HEAT (CP) 0,32691 0.33141
(CAL/G/DEG K)

ENTROPY 2.1420 2.1511
(CAL/G/OEG K)

MACH NUMBER O.OO00 0.0000

GAMMA 1,2746 1.2699

SONIC VELOCITY 79913.95 79799.35
(CM/SEC)

MIXTURE MOLECULAR HEIGHT

D(LOG VOLUME)/D(LOG T)
AT CONSTANT P

DCLOG VOLUME)/D(LOG P)
AT CONSTANT T

FINAL/INITIAL RATIO

1.0000

1.0000

0.9999

1.0000

0.10856

-0.30287

1.01374

1.0042

1.OOOO

0.9965

0.9984

SPECIES MOLE FRACTION
CH4 2.82099E-10
CH3 2.82089E-10
H 2.45981E-07

H2 4.80198E-06
02 9.84867E-02
H02 9.40550E-07
0 1.05975E-05
OH 2.67611E-04

H20 9,93892E-02.
CH3O 2.82089E-10
CH2O 2.82089E-10
C2M6 2.B2OB9E-IO

C2H5 2.82089E-10
C2H4 2.82089E-10
CH2 2.82089E-10

C2N3 2.BZO89E-LO
C2H2 2.82089E-10

HCO 2.82089E-ID
C2H20 2.82089E-10
C2H 2.82089E-10
CO 8.17330E-06

C2HO 2.82089E-10
CM 2.82089E-10
C02 4.975&2E-02
H202 2.40530E-08
N2 7.SDIS1E-01

MCN 2.82089E-10

N 2,82089E-10
CH 2.82089E-10

HNCO 2.82089E-10
HCO 2.82089E-10
NH2 2.82089E-LO
NO 1.93922E-03

NH 2.82089E-10
NO2 5.54534E-06
HZO 1.46579E-07
MN02 8.25410E-08

HNO3 2.82089E-10
HNO 2.82089E-10

28.20888

l. OOlO

-i.0000

COMPUTATIONAL NORK REQUIRED FOR EQUILIBRIUM CALCULATION.
NO. OF ITERATIONS = 25 CPU TIME = 8.000185E-02 S

55



SPECIES

CHq
CH5
H
H2
02
HOZ
0

ON
N20
CHSO
CH20
C2H6

C2H5
C2H_
CHZ
C2HS
CZH2

HCO
C2H20
C2H
CO
CINO

CH
CD2
H202

N2
HCN

N
CN
NNC0
NCO
NH2
NO

NB
NO2
N20
AND2
HN05
HNO

TIME O.O0000E÷O0 SEC

FLON PROPERTIES

PRESSURE
(ATM)

VELOCITY

(CM/SEC)
DENSITY

(G/CH_KS)
TEMPERATURE

(DEG K)

MASS FLON RATE
(G/SEC)

ENTROPY
(CAL/G/DEG K)

MACH NUMOER

GAMMA

ENTHALPY
(CAL/G]

SP. NEAT (CP)
CCAL/G/DEG K)

CONCENTRATION
CMOLES/CMX_3)

6.17216E-07
O.O0000E÷O0
O.00000E+O0

O.O0000E÷OQ
2.46886E-06
0.00000E+00
O.O0000E÷O0
O.O0000E+O0
O.0OOOOE÷O0
0.00000E*00
O.O0000E_00

O.OOO00E÷O0
O.O0000E÷O0
O.O0000E_O0
O.OOOGOE÷O0
O.O0000E_O0

O.OOOOOE_O0
O.OOO00E_O0
O.O0000E+O0
0.00000E+00
O.00000E÷O0
O.OOO00E*O0

O.O0000E+O0
O.O0000E+O0
O.00000E÷O0

9,51578E-06
O.O0000E_O0
O.O0000E*O0
1.2_019E-12
O.O0000E_00
0.00000E_00

0.00000E*00
0,00000E_00
O.OOO00E÷O0
O.O0000E*O0
O.O0000E_O0
O.ODO00E_O0
O.O0000E_O0
O.O0000E_O0

TABLE D.2.---Condnued.

(i) Continued.

_x INITIAL CONDITIONS X_

AREA I.O0000E+O_ SQ CM

1.73000

159E27.88

5._9869E-0_

1700.00

5.59168E+0_

2.1q20

2.0000

1.27_6

S.TgZ27E+02

S.269ISE-OI

CHEMICAL PROPERTIES

MOLE FRACTION NET SPECIES PRODUCTION REACTION
RATE (MOLE/CMW_5/SEC) NUMBER

_.97600E-02 -1.50905E-05 1

O.O0000E÷O0 1.50903E-05 2
O.O0000E+00 7._4569E-06 5
O.O0000E+O0 O.O0000E+O0 4
1.99072E-01 -8.OSZIOE-05 5
O,OO000E+O0 7.6_658E-06 6
O.O0000E÷O0 7.2E7¢SE-05 7
O.O0000E÷O0 O.00000E+OO 8

0.00000E_00 O.O0000E+O0 g
O.O0000E÷O0 O.O0000E+O0 10
O.O0000E÷O0 O.O000OE÷O0 11
O.O0000E÷O0 O.O0000E÷00 12

O.00000E÷O0 O.O0000E+O0 1_
O.O0000E÷O0 O.O0000E÷O0 lq
0.00000E+00 O.O000QE+O0 15
O.O0000E÷O0 O.O0000E+O0 16
O.O0000E_O0 O.O0000E+O0 17
O.O0000E÷O0 O.00000E_O0 I_

O.00000E*O0 O.O0000E*O0 19
O.O0000E*O0 O.O0000E÷O0 20
O.O0000E÷O0 O.O0000E+O0 21
O.O0000E+O0 O.O0000E÷O0 22
O.O0000E÷O0 O.O0000E+O0 23

O.O0000E÷00 O.O0000E+O0 24
O.O0000E+O0 0.00000E+00 25

7.51160E-01 -1.20855E-11 26
O.O0000E+O0 O.O0000E+O0 27
O.O0000E+O0 O.O0000E+O0 28
1.OOOOOE-07 -7.287_6E-05 29

O.OO000E+O0 O.O0000E+O0 SO
O.O0000E*O0 7.287_E-0S Sl
0.00000E+00 O.O0000E+O0 32
0.00000E+00 0.O0000E÷O0 33
0.00000E+00 0.00000E÷00 54
0.O0000E+O0 O.O0000E÷00 35
O.O0000E+O0 1.20055E-11 36

0.00000E+00 0.00000E+00 57
O.O0000E+O0 0.00000E_00 S8
O.O0000E+O0 0.00000E÷00 39

_0

_2
_5
4_
_5
_6

_7
_0
_9
5O
51
52

55
5_
55
56
57
58
59
60

61
62
63
64
65
66
67

60
69
70
71
72

\' 73

74
75
76
77

78

AXIAL P0SITIOH

INTEGRATION INDICATORS

STEPS FROM LAST PRINT

AVERAGE STEP SIZE

METHOD ORDER

TOTAL NOHSER OF STEPS

FUNCT EVALUATIONS

JAC00IAN EVALUATIONS

0.00000E+00 CM

o

0. 00000E+00

0

RATE CONST NET REACTION CONV RATE NET RATE/POSI-
CGS UNITS (MOLE-CMW_3/GWW2/SEC) TIVE DIR RATE

9.72_E÷05 6.08105E÷01 1.00000
3.7190E÷12 0.00000E÷00 0.00000

5.0180E÷06 6.2q678E÷QI 1.00000
5.9162E+22 0.00000E÷00 0.00000
5.6756E_12 0.00000E÷00 0.00000
_,93S4E+09 O.O0000E÷O0 0.00000
6.5000Et12 0.00000E÷00 0.00000
9.9825E,10 0.00000E+00 0.00000
1.22_7E,1S O.00000E÷O0 0.00000

7._7_0E,12 0.00000E+00 0.00000
1.106_E*15 0.00000E+00 0.00000
5o0690E,1_ O.O0000E+O0 0.00000
1.05_E÷13 O.00000E+O0 0.00000

_.552_E+11 O.O0000E+O0 0.00000
6.6000E÷1S 0.00000E÷00 0.00000
2.0000E÷15 0.00000E÷00 0.00000
7.$247E_12 O.O0000E+O0 0.00000
1.6606E_07 O.O0000E+00 0.00000
5.5551E+12 0.00000E+00 0.00000

1.5053E+12 0.00000E+00 0.00000
2.5618E_12 0.00000E+00 0.00000
5.690;E÷12 0.00000E+00 0.00000
2.5080E_11 0,00000E+00 0.00000
_.2S57E÷12 0.00000E+80 0.00000

6.0000E÷12 0.00000E+00 0,00000

5.3000E+15 O.O0000E*OO 0.00000
5.0000E÷]2 0.00000E*00 0.0000o

5.0000E+13 O.00000E÷O0 0.00000
5.0000E÷I_ O,O0000E÷O0 0.00000
7.5700E÷02 O.O0000E_O0 0.00000
8.5640E+12 0.00000E_00 0.00000
1.70_6E_15 0.00000E÷00 0.00000

7.9529E÷11 0.00000E+00 0.00000
5.0160E÷ll O.O0000E÷O0 0.00000
5.2072E÷15 O.O0000E÷O0 0.00000
2.0000E+1_ 0.00000E÷00 0.00000
6.9656E÷11 O.00000EvO0 0.00000
1.2020E_12 0.00000E÷00 0.00000
1.O000E÷I5 0.00000E*00 0.00000

5.0000E+1_ 0.00000E÷00 0.00000
3.0000E+15 0.00000E+00 0.00000
5.5S20E_12 0.00000E_00 0.00000
1.O000E+13 0,00000E+00 0.00000
Z.8000E+15 O.O0000E÷O0 0.00000
3.0859E+12 0.00000E÷00 0.00000
_.0962E_12 0.00000E÷00 0.00000
7.02_1E*12 0.00000E,00 0.00000
;.6827E.12 O.O0000E÷O0 0.00000
2.0080E÷15 0.00000E÷00 0.00000
5.8682E÷08 0.00000E÷00 0.00000

5.0000E+13 O.O0000E÷O0 0.00000
1.197_E÷12 0.00000E+00 0.00000
2.0000E÷1] 0.00000E+00 0.00000
1.9307E+06 0.00000E÷00 0,00000
2.1051E+15 0.00000E+00 0.00000
7.6755E÷12 0.00000E÷00 0.00000
1.2383E+13 O.OOO00E÷O0 0.00000

6.0803E+10 O.O0000E+O0 0.00000
1.2369E+1S O.00000E÷O0 0.00000
2,0O00E÷I5 0.00000E÷00 0.00000
5.2663E+0_ O.O0000E_O0 0.00000
1.9S80E+10 0.00000E_00 0.00000

1._8_E+IO 0.00000E÷00 0.00000
1.9500E+10 O.O0000E÷O0 0.00000
5.7000E+12 0.00000E÷00 0.00000
1.0000E÷15 O.00000E+O0 0.00000
2.6268E+12 0.00000E+00 0.00000
1.7601E÷10 O.O0000E+00 0.00000
5.5950E÷12 O.O0000E+O0 0.00000

1.5_15E÷15 0.00000E+00 0.00000
5.0000E_12 0.00000E÷00 0.00000
_.0000E÷15 O.O0000E+O0 0.00000
5.0000E÷15 0.00000E÷00 0.00000
5.0000E÷15 0.00000E+00 0.00000

S.O000E÷I_ O.O0000E+O0 0.00000
2.0000E÷15 O.O0000E+O0 0.00000
2.0889E+I2 O.O0000E+QO 0.00000
7.1505E+1_ O.O0000E÷O0 0.0000o
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DERIVATIVES (CGS UNITS)= T

MIXTURE MOLECULAR HEIGHT 28.21102

TABLE D.2.---Cominued.

(i) Continued.

O.O0000E÷O0 RHO

TOTAL ENERGY EXCHANGE RATE
(CAL-CMWWS/G_Z/SEC)

79 1.8492E+06 O.O0000E+O0 0.00000
80 3.1015E+IL O.O0000E+O0 0.00000
81 6.6836E+10 O.O0000E+O0 0.00000

82 2.9616E+II O.O0000E+O0 0.00000
83 1.6726E¢12 O.O0000E+O0 0.00000
84 7.1708E+12 O.O0000E+O0 0.00000
85 3.8799E+13 O.O0000E+O0 0.00000

86 3.7189E+13 0.00000E+00 0.00000
07 8.0000E+12 0.00000E+00 O.OQO00
88 9.7622E_13 O.O0000E+O0 0.00000
89 _.8329E_10 O.OOO00E_O0 0.00000

90 3.9948E+IZ O.O000OE_O0 0.00000
91 1.8000E*12 O.O000OE_O0 0.00000
92 7.8000E+ll O,O0000E_O0 0.00000
93 2.0S07E+ll O.O000OE+O0 0,00000
96 7.7952E+12 O.O0000E+O0 0,00000
95 1.9630E÷15 0,00000E¢00 0.00000
96 3.9562E÷01 0.00000E¢00 0.00000
97 4,1765E+15 0.O0000E÷00 0.00000

98 1.0018E¢02 0.00000E_00 0.00000
99 7.IllSE-O1 1.78032E-0_ l.O0000

100 3.6090E¢08 D.O0000E+O0 0.00000

lOI 1.2497E+13 O.O0000E_O0 0.00000
102 1._798EelI O.O0000E+O0 0.00000
103 1.7462E+lL O.O000OE+O0 0.00000
104 1.2000E÷13 O.OOO00E+O0 0.00000
105 _.232_E+13 O.O0000E¢O0 0.00000
106 6.9658E÷12 0.00000E+00 0.00000
107 8.0770E+12 O.O0000E_O0 0.00000

108 2.3801E+13 5.95338E+02 1.00000
109 3.7000E_12 0.00000Et00 0.00000
IlO 2.0000E+13 0.00000E_00 0.00000
Ill I.O000E+I3 O.O0000E_O0 0.00000
112 2.0000E+13 0.00000Et00 0.00000

115 8._581E_11 O.00000E+O0 O.O0000
114 Z.OOOOE_I2 O.00000E*O0 O.O0000
115 1.1405E+15 O.O0000E_O0 0.00000
116 2._070E+12 0.00000E+00 0.00000
117 8.$826E+12 0.00000E+00 0.00000
118 7,9225E+15 O.OO000E+O0 0.00000
119 2.2457E_14 O.O0000E*O0 O.O000O

120 8.6958Ee07 O.O0000E_O0 O.O0000
121 5.1028E+07 O.O0000EIO0 0.00000
122 2.8558E+09 O,O0000E+00 0.00000
125 q. OOOOE+12 O.O0000E+O0 0.00000
126 2.5566E+07 O,O0000E+00 0.00000
12S 2._991E+IO -9.87306E-05 l.O0000
126 2.6097E+10 O.O0000E¢O0 0.00000
127 8.6897E+11 - O.O0000E+O0 0.00000

128 A._B75E+09 0.00000E400 0.00000
129 9.239_E+15 0.00000E+00 0.00000
130 9.2627E_15 O.O0000EIO0 0.00000
131 S.O000E+I2 O.O00OOE_OO 0.00000

132 6.qq95E+15 O.O0000E_O0 0.oo000
133 3,6000E+IS O.O0000E+O0 0.00000

-I.31388E-09 V O.00000E_O0

5.92105E÷06 MASS FRACTION SUM I.O000000o

CPU TIME FOR INITIALIZATION OF LSENS : 1.190010 S

TIME 3,00323E-06 SEC

FLON PROPERTIES

PRESSURE 1.75000
(ATM)

VELOCITY 159827.88
(CM/SEC)

DENSITY 3.qDO13E-OA
(G/CM_3)

TEMPERATURE 1700.00
(DEG K)

MASS FLOH RATE 5.59188E+04
(G/SEC)

ENTROPY 2.1620
(CAL/G/DEG K)

MACH NUMBER 1.9915

GAMMA 1.2787

EHTHALPY 3.225_1E+02
ICAL/G)

SP. HEAT (CP) 3.26936E-01
(CAL/G/DEG K)

SPECIES CONCENTRATION MOLE FRACTIDH
(HOLES/CM_W3)

CH_ 2.8817NE-07 2.52367E-02
OH3 1.911_0E-08 1.56122E-05
H 3.09§SBE-IO 2._9603E-05

H2 2.98194E-08 2.40643E-03
02 2.180_6E-06 1.75817E-01
H02 3._5739E-09 2.78780E-06
O 3.81901E-10 3.07938E-05
OH 1,21275E-09 9.77881E-05
N20 3.78990E-07 3.05592E-02
CH3O 2.08632E-10 1.68065E-05
OH20 _.57161E-08 3.52696E-03
CEH6 2.36730E-08 1.90883E-03

AREA 1.00533E+03 SQ CM

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CMW_S/SEC) NUMBER

-2.67162E-03 I

6.0q892E-06 2
4.69517E-06 3
2.39713E-06 6

-3.02746E-03 S
1,33554E-05 6
5.71794E-06 7
1.690_5E-05 8

A.SO922E-O3 9
-5,16536E-07 10
-1.69220E-06 11
-6.73879E-05 12

AXIAL POSITION 4.80000E+01 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 6

AVERAGE STEP SIZE O.I0519Etgl

METHOD ORDER 6

TOTAL NUMBER OF STEPS 137

FUNCT EVALUATIONS 184

JACOBIAN EVALUATIONS 25

RATE CONST NET REACTION CONV RATE NET RATE/POSI-
COS UNITS (HOLE-CM_e3/G_2/SEC) TIVE OIR RATE

9.726_E+05 -1.35854E+02 0,82561
3.7190E+12 1.98822E+03 0,72567
S.O180E+06 -2.18252E¢02 0.89255

5,9162E+12 5.33EIDE+OS 0.99295
5.6736E+L2 1.55999E+06 0.95284
6.933_E+09 1.63935E+05 0.96563
6.3000E+12 -5.92180E÷05 0.83083
9.gD25E+LO 2.LSOS7E+03 1.00000
1.22_7E+13 8.16156E¢05 0.22092
7.67_0E+12 _,52179E÷02 0.99990
1.106_E+13 8.25857E¢02 1.00000

3.0690E+15 7.27679E÷03 0.99990
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DERIVATIVES (CGS UNITS): T

MIXTURE MOLECULAR HEIGHt Z8.06156

TAB LE D.2.---Continued.

(i) Concluded.

0.00000E+00 RHO

TOTAL ENERGY EXCHANGE RATE

(CAL-CM_$/G_2/SEC)

88 9.7622E+15 8.62659E+02 l,O0000
89 4.8529E+10 4.02568E_01 0.97804

90 3.9948E+12 -2.59592E000 0.87229
91 1.8000E+IZ 1.77541E_02 0.99935
9Z 7,SO00E÷II 1.89410E-02 0.99997
95 2,0507E+11 2.19813EI02 0,99581
94 7.7952E÷12 1.92744E+03 0.8280S
95 1,9650E+15 -1.60454E_02 0.38383

96 3.9562E+01 -3.79522E-01 0.99178
97 4.1765E÷15 5.0_961E-02 0.99877
98 1.0018E+02 -1.43576E-02 0.95216

99 7.1175E-01 -5.92715E-04 0.78857
100 S.6090E_08 1.92921E-04 l.O0000
I01 1.2497E+15 8.6366_E-06 0.87538
102 1.4798E+11 9._5008E-07 0.79583
105 1.7462E+11 -2,09982E-04 0.97918
104 1.2000E+13 1.21536E-07 1,00000

105 4.Z324E+13 -6,12937E-06 0.81852
106 6.9658E+12 -Z.13_lSE-04 0.07957
107 8.0770E+12 1.75791E-02 0.89171
108 2.5801E+13 1.35002E-05 0,96796
109 S.7000E+12 °1.55691E-05 0.99981
llO 2.0000E+15 9.10278E-05 1.00000

Ill 1.0000E_13 9.27655E-12 0,99978
112 2.0000E+13 7.34138E-05 0.99499
115 8.4581E+II 5.11150E~09 0.99992
114 2.0000EtI2 1.21159E-08 0,99998

115 1.1405E+13 I.S1722E-05 0.99890
116 2.4070E+12 6.87200E-05 0.95237
117 8.3826E+12 5.01776E-04 0.98410
I18 7.9225E÷15 -4.00057E-04 0.92479
119 2.2457E+14 6.65828E-03 0.99991
120 8.6950E+07 -5.29896E-05 0.99929
121 3.1020E+07 -Z.49967E-05 1.00000

122 2.8350E+04 8.28589E-04 1.00000
123 4,0000E412 2.98SOSE-11 1.00oo0
124 2.5566E+07 -1.34240E-02 0,97458
125 2,4991E+19 -7.71212E-05 0.87975
126 2.6097E+I0 1.10076E-05 1.00000
127 8.6897E+11 2.DZ732E-04 0.95165
128 4,4875E+09 1.27908E-05 0.99787

129 9.2594E+15 1,77565E-09 0.00014
130 9.2627E+15 -I.25561E-0S 0.09402
131 5.0000E+12 9.61607E-08 0.94095
152 6._495E+15 4.0742_E-06 0.18977

155 3,6000E+15 2.855_5E-06 0.98985

-1.85068E-07 V O.O0000E+O0

-I,95990E+09 HAS5 FRACTION SUM 1.00000001

COHPUIER TIME (CPU) REQUIRED, FOR THIS STEP - 3.499985E-01 S UP T0 THIS TIME - 6.219994E+00 5

(LSENS) END OF THIS CASE

SUMMARY OF COMPUTATIOHAL NORK REQUIREO FOR PROBLEM_

TOTAL NO. OF STEPS - 137

TOTAL NO. OF DERIVATIVE EVALUATIONS - 184
TOTAL NO. OF JACODIAH EVALUATIONS - 25
TOTAL CPU TIME - 6.219996 S

TOTAL CPU TIME (INCLUDINO I/O) REQUIRED : 8.700005 $

(LSENS) READ DATA FOR NEXT CASE
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105 IxH +
106 M

107 I_N
105 H +
109 H ÷

110 IXCH
Ill 1_C1| ÷

112 1_0 ÷

i13 I_ON +
114 IxCN +
IIS 1XCN +
116 I_N2 ÷

117 ]xNNCO +
118 IXCN +
I19 I_CN +
120 1_0 +
121 I_N +
122 I_N +
123 lXCH +

124 1WCH +
125 I_NH +
126 1XH02 +
127 lXO +
123 I_NO +
129 l_t|02 +

130 I_NO +
131 IXN0 +
132 1_0 +
1S$ I_N +
134 M +
135 lxO +
136 1_0 +
137 1_N20 +
138 I_N02 +
139 ]XOH +
140 I_OH +
141 I_NNO +
142 I_H

1_$ IINNO ÷

M(H2
M(OZ
M(H2

H(COZ
M(tl2

,103) = 2.30000
,105) = 1,30000

,106) = 4.00000
,106) = ;.O0000
,I08) = 2,00000

TABLE D.2.---Continued.

(i) Continued.

IWO2 = 1WHOZ + M
I_H20 = lxtl + IXOH
ltO = 1WON + M

ltH2 2_H
1w02 2_0
IXNZ ItHCN ÷ I_N
IWHZ IXHCN + ]xH

I_IICN = I_OH + IWCN
I_HCN 1WHNCO + IXH
liO = l_CO + I_N
IxOH IwNCO + l_H

l_lICO IWNNCD + I_H
I_H = 1xIIH2 + IxCO
I_02 I_NCO + 1_0
1_C02 = l_tlCO + IwCO
I_NCO I_ND + 1_C0
lXNCO 1_N2 + IWCO
I_NCO I_NN ÷ 1WCO

lXNO = IxI1 + I_HCO
IKNO I_0 + 1KHCN
l_OH I_N ÷ I_NZO
I_NO I_NO2 + 1WOH
IXNO2 = lKt|O + I_02

1_0 liND2 + M
I_H I_NO + I_OH
lXH 1WN + l_OH
IWO = l_N + IwOZ
1_N2 I_N0 + IXN
1wN02 2wNO
1 ilt20 = I_N2 + lXO
liN20 I_N2 + IW02
IIN20 21NO
llH I_N2 + IWOH

ltH2 = I_HNO2 + I_N
I_N02 I_HNO3 +' M
I_NO = I_HNO2 + M
I_H I_H2 + I_NO
1WNO : I_HN0 + M
l_OH = I_H2O + I_NO

1.46000E+15 0.0000 -I000.00
],30000Et|5 O.O00O 105140.00
7.10000Ef18 -I.0000 0,00

2.20000E41_ 00000 96000.00
1.80000E+10 -1.0000 118020.00
1.00000E+11 0.0000 19000.00

6.00000E+13 0.0000 S_O0.O0

1.40000E_11 0.6800 16900.00
4.00000E+11 0.0000 2800.00
1.20000E+1_ 0,0000 0.00

2.50000E+Iq 0,0000 6000.00
1.00000E+14 0,0000 9000.00
1.O0000E+I_ 0.0000 B500.OO

3.20000E+1S 0.0000 I0O0.00
_,70000E+12 0.0000 0.00
2.00000E+15 0.0000 0.00
1.00000E+1_ O,O000 0,00
2.00000E+13 0,0000 0.00
1.60000E+13 O.O000 9940.00
2.0000OE+12 0.0000 0.00

5.00000E+ll 0.5000 2000.00
2.09000E+12 0,0000 -_77,00
1.00000E+13 0.0000 E96.00
5.62000E+15 0.0000 -1160.00
3.47000E+14 0.0000 1470,00
2.65000E+14 0.0000 50410.00
S.BOOOOE+09 1,0000 41370.00

1.80000E+14 O.OOOO 76250.00
4.00000E+12 0.0000 0.00
6,92000E_2_ -2,5000 65000.00
1.00000E÷]4 0.0000 2_020,00
6.92000E+13 0.0000 26630,00
7.59000E+1S 0.0000 15100.00
2,40000E+13 O.O000 29000,00

3.00000E_15 0.0000 -3000.00
5.60000E+15 0.0000 -1700.00
5.00000E+12 0.0000 0.00
5.40000E+15 0.0000 -600.00
3.60000E+13 0.0000 0.00

ALL THIRD BODY RATIOS ARE

M(02 ,lOS) = 0.78000
M(N2 ,105) = 1.50000
MCOZ ,1061 = 1.$0000
M(N2 ,lOB) = _.10000
M(O2 ,139) = 0.70000

1.0 EXCEPT THE FOLLOHING

M[HZD ,103) = 6.00000
H(H20 _105) = 21.30000
M(H20 ,106) : 20.00000
M(O2 ,108) = 2.00000

M(H2 ,139) = 1.40000

H(H202 ,lOS) = 6.60000
M(CO2 ,105) = 7.00000
M(N2 ,106) = 1.50000

M(N20 ,108) = 15.00000

SPECIES

CM30H
CH3
DN
02
CHZOH

1t02
H20
O_
H
H2

ON"*
H202
CN20
CN3O

CZH6
C2H5
CZH_
CH2
C2H_

CZH2
HCO
CZN20

C2N
CO
C2HO

TIME O.O000OE+O0 SEC

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY

(CM/SEC1
DEHSITY

(G/CHX_S)
TEHPERATURE

(DEG K)
MASS FLON RATE

(G/SEC)
ENTROPY

(CAL/G/DEG K)

MACN NUMBER

GAMMA

ENTNALPY
(CAL/G)

5P. HEAT (CP)

(CAL/G/DEG K)

CONCEN]RATIOR

(MOLES/CHiCS)
2.0_635E-06
O.O0000E+O0
O.O0000E+O0
1.5S514E-06
O.O0000E+O0
O.OOOOOE+O0

O,O00ODE+00
O.OOOOOE+O0
O.OOOOOE+O0
O.O0000E+O0

O.OOOOOE÷O0
O.OOOOOE+OO
O.O0000E+OO
O.O0000E+OO

O.00000E+OO
O.00000E+O0
O.O0000E+O0
O,O0000E+O0
0.00000E÷00

O.OOOOOE_O0
O.O0000E+O0
O.O00OOE+O0

O.O0000E_O0
O,O0000E+O0
O.O0000E+O0

MOLE FRACTION

2.18343E-01
0.00000E+00
O,OOOOOE+O0

1.63757E-01
O.O00OOE+O0
O.DOOOOE+O0
O.OOOOOE+00
O.OOO00E+O0
O.O0000E+O0
O.OO000E+O0

0.00000E_00
O.O00OOE+OO
0.00000E+00
O.O0000E+O0

O.O00OOE+O0
0.00000E+00
O.O00OOE+O0
0.00000E+00

O.OOO00E+00
O.O0000E+O0
O.OOOOOE+O0
O.OOOOOE+O0

O.OOOOOE+O0
O.O0000E+OO
O.O0000E+O0

xx INITIAL CONDITIONS w_

AREA O.OOO00E+O0 sq CM

1.00000

O.OO

2.77526E-0_

1300.00

O.OOOBOE+O0

2.17B8

0.0000

1,2066

-1.9000BE+01

3.91666E-01

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CMtWS/SEC] HUMBER

-2.5S107E-06 1
2.18255E-06 2

2.18255E-06 3
-1.7603ZE-03 4

3,40S20E-07 5
S.4B520E-07 6
0.00000E+00 7
1.75997E-03 B

0.00000E+00 9
O.OO000E+O0 lO
O.OOOOOEtOO 11
O.OOOOOE+OO 12

O.OOOOOE+O0 13
O.O0000E+OO I_
O.O0000E÷OO 15
O.O0000E+OO 16
O.O0000E+OO 17

O.O0000E+OO 18
O.O0000E+OO 19
O.O0000E+OO 20
1.43987E-03 21
O.O0000E+OO Z2

O.O0000E+00 23
B.30746E-07 2_
O.00000E+OO 25

AXIAL POSITION O.O0000E+OO CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT O

AVERAGE STEP SIZE O.O000OE+O0

METHOD ORDER 0

TOTAL NUMBER OF STEPS O

FUNCT EVALUATIONS O

JACOBIAN EVALUATIONS O

RATE CDNST NET REACTION CONV RATE NET RAIE/POSI-
CGS UNITS (MOLE-CM_$/Gw_2/SEC) TIVE DIR RATE

1.1575E+05 2.82759E+01 1.OOOOO
I.I092E+OS 4.51524E_00 1.00000
1,8_q3E+12 O.OOO00E+O0 0.00000
6.5685E+11 O.O000OE+O0 o,000oo
2.1298E+12 0.00000E÷00 0.00000
6._26SE+11 O.OOO00E+O0 0.00000
4,5030E÷09 O.O0000E+O0 0.00000

3,4507E+09 O.O0000E+OO 0.00000
3.$312E+08 O.O0000E+O0 0.00000
9.8019E+10 O.O0000E÷O0 0.00000
3.2129E+02 O.O0000E400 0.00000

1.258_E_12 O.000DOEtDO 0.00000
3.0575E+0_ 0.00000E+00 0,00000
2.0S44E+12 0.O0000E+O0 0.00000
3.5949E÷12 0.00000E+00 0.00000

S.6197E÷OB O.O000QE*O0 0.00000
6._000E_12 O.00000E_O0 0.00000
1,4742E+10 O.O0000E÷O0 0.00000
1,3634E+13 O.O0000E+O0 0,00000
3.009_E+]2 O.O000DE_O0 0.00000

5,4122E+12 O.O0000E+00 0.00000
2,2272E+13 0.00000E+00 0,00000
6,1_37E÷11 0.00000E_00 0.00000

2.8_70E+11 O.O0000E+O0 0,00000
4.8000E+13 O.O0000E+O0 0,00000
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DERIVATIVES {CGS UNITS)= T 1.16620E+06

TABLE D.2.----Confinued.

0) Continued.

159 1.3060E+16
140 1.0816E+16

141 5.0000E+12
142 6.8118E+15
143 3.6000E_13

RHO O.OOO00E+OO

0,00000E400 0.00000
0,00000EI00 0.000lid

0.00000Et00 0.00000
0.00000EI0O O,00000
0.00000Et00 0.00000

MIXTURE MOLECULAR HEIGHT 29.63652 TOTAL ENERGY EXCHANGE RATE -L.57013E+09
(CAL-CMWKS/GXX2/SEC)

MASS FRACTION SUM 1,00000O00

CPU TIME FOR INITIALIZATION OF LSENS = 2.320000 S

TIME 6.50000E-04 DEC AREA 0.00000E÷00 SQ CM AXIAL POSITION 0.000O0E÷00 CM

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DENSITY

TEMPERATURE
(DEG KI

MASS FLON RATE
(O/SECl

ENTROPY
(CAL/G/DEG K)

MACH NUMBER

GAMMA

ENTHALPY
(CAL/G)

5P. HEAT (CP)
(CAL/G/DEG KI

1.25771

0.00

2.77826E-04

1558.04

0.O000OE+0O

2.2970

0.0000

1.2057

1.71763E+00

6.05863E-01

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 22

AVERAGE STEP SIZE 0.66459E-05

METHOD ORDER S

TOTAL NUMBER OF STEPS 169

FUNCT EVALUATIONS 233

JACODIAN EVALUATIONS 31

SPECIES

CHSOH

CH3
ON
02
CH20H
HO2
H2O
0
H

H2
CH4
H202
CH20
CHSO

C2H6
C2N5
C2H_

CH2
C2H3
C2112
riCO
C21120

C2II
CO
C2HG

CN
CO2

N2
HCN
N

CN
tlNC0
NCO
Nil2
NO

NH
tlO2
N20
HrlO2
HNO5
HNO

AR

CONCENTRATION
(MflLES/CH_3)

1.63313E-06

1,53680E-09
1.32068E-09
1.21777E-06
2.74785E-08
3.63008E-08
5.67129E-07
6.OSD82E-11
1.60786E-10

3.49320E-08
1.40417E-09
4,42219E-09
1.76995E-07
Z.009qZE-]0

1.73379E-10
1.56951E-13
1.00186E-10

1.87284E-14
B.18959E-14
7.69929E-13
9.08209E-11
1.46431E-11

1.71450E-17
1.99746E-07
7.9_533E-16

8,49693E-18
1,0IDS1E-08

5.72199E-06
2.01536E-1_
5.89751E-16
4.90811E-]7

8.91539E-12
6.72064E-15
2.54211E-13
2.43236E-12
6.89683E-14

7.05138E-12
1.12967E-15
3.D0009E-16
6.23376E-17
1.77972E-16

6,82956E-08

MOLE FRACTION

1.68690E-01

1.38082E-04
1.36417E-04
1.25787E-01
2.83833E-03
3.74961E-03
5,65166E-02
_.17101E-06
1.66000E-05

3.60823E-03
1.45041E-04
4.56781E-04
1.80757E-02

2.07559E-05
1.7908BE-05
1.62119E-08
1.03483E-05

1.95651E-09
8.45925E-09
7.95200E-08
9.38114E-06

l.S1253E-06
1.77075E-12
2.06S23E-02
8.20695E-09

B.77672E-1S
1,05184E-03

5.91060E-01
2.08172E-09
6.09170E-11

5.06972E-12
9.20688E-07
6.94195E-10
2.62582E-08
2.51245E-07
7.12186E-09
7.28556E-07
1.16666E-I0

3.92522E-11
6.43900E-12
1.83832E-11

7.05423E-03

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION

RATE (MOLE/CMWXS/SEC) NUMBER
-6.53906E-03 1

7.70793E-05 2
3.77190E-05

-5.26103E-03 4

6.17BOSE-06 S
2.38526E-0_ 6
1.01668E-02 7
1.948_9E-06 8
6.75690E-06 9
9.63257E-06 I0
5.52713E-05 11

-1.59208E-04 12

7.45257E-04 13
8.70415E-06 14
1.36871E-05 1S
1.21006E-08 16
7.00562E-06 17

2.00003E-09 18
D.04IOOE-09 19
7.80406E-08 20

2,94632E-06 21
6.90586E-07 22
1.54283E-12 23
4.65676E-03 24

5.68426E-09 25
1.11920E-12 26
3.33056E-04 27

-5.05261E-11 2B
9.90791E-11 29

5.62587E-12 30
-2.58885E-12 31
-8.54386E-09 32
-3.75436E-I0 33

8.79590E-09 34
6.19354E-08 35

-9.19723E-10 36
-6.09991E-08 37

4.97219E-11 38
1.62051E-12 39

-1,52202E-12 40
6.24962E-12 41

0.00000E+00 42
43
44
45
46
_7
6&

49
50
51
52
53
54
55

56
57
58
59
60
61
62

63

RATE CONST NET REACTION CONV RATE NET RATE/POSI-
CGS UNITS (MOLE-CMW_S/G_2/SEC) TIVE DIR RATE

1.9203E_07 3.85_01E+05 0.97983
2.8986E+06 -1.76478E+03 0.95940
2.0966E+12 5.85032E+04 0.99861

7,6119E+11 6.40800Et02 0.99?45
3.3361E_12 1.11148E+04 0.97935
9.0266E+11 3.07071E+03 0.99998
8.640_E+09 2.38172E+02 0.99768
1.1969E+10 9,05141E+05 0.98463
2.1382E+09 7.36906E+05 0,99999
1.4600E+11 6.24186E+04 0.99986

9.0506E*04 -I.14317E+01 0.99861
2.6985E÷12 -6.23307E÷01 0.88760
I.IOBIE÷06 -2.60446E+02 0.99991
4.3128E+12 -3.15654E-01 0.09059

4.9565E+12 4.75206E+01 0.39906
2.2761E+09 5.84768E+01 0.80152
6.3000E+12 -7.93508E÷03 0.98216
5.6657E+10 1,42790E+03 0.99999

1.2682E+13 2.60_14E+02 0.88695
5.7535E+12 2.07708E+00 0.99959
8.9524E+12 E.1ZI2SE-OI 0.99995
2.7910E+13 8.27936E÷01 0.99997

_.4829E+12 8.50527Et01 0.96580
3.9780E+II 6.57667E-01 0.46462
4.8000E+13 1.56860E-02 0,99955
2.0000E+13 6.48297E-03 0.999_6

5.5630E+12 1.15756E+00 0.99708

1.9560E+06 2,65783E-02 l,O0000
3.2263E+12 5,52929E_00 0.99980
I._668E_12 -1.23202E_01 0.83051
2.2909E+12 1.2008SE-OI 0.99995
6.9725E+12 2.60168E-01 0,99809
9.7365E+10 9.98416E-01 0,99830
6.3147E+12 5.57682E÷00 1.00000

6,0000E+I2 1.02354E-03 0,99998
3.3000E+13 1.41411E-OS 1.00000
5,O000E+12 7.00620E-03 1,00O00
3.00ODE+IS 5.91326E-07 0.9919_
S.0OOOE+I3 5._5639E-10 0.99996
4,1125E_01 -1,58106E-07 0,97550
6.5588E+12 2.66231E-03 1.00000

1.2787E+13 5.16950E-03 0,99966
6.S6DOE+I1 8.35664E-03 0.96582
2,9998E+11 3,82266E-03 0.96752
3.0801E÷13 0.3302_E-03 0.99998

2.000OE+13 5,83425E-06 0,99655
6.5114E+ll 8.16209E-01 1.00000
1.2020E÷I2 6,99717E-05 1.00000
1.O000E+I3 1.35703E-02 0.99822
5.0OOOE+13 8.23793E-05 0.995_9
3.0000E+IS 5.78345E-07 1.00000
5.2415E_12 3,15611E-08 0.31234
1,0000E*I3 8.17857E-07 1.00000

2.8000E_13 -7.63317EI00 0.52109
2.8661E/12 7.08983E-01 0,99628
3,7346E_12 9.TE713E-02 0.85394
5,6609Ei12 1.SBO_OE-OI 0.91527
3.7739E+12 2.86127E-02 0.98953
2.00ODE+IS 1.53239E-01 1.00000
7.6681E*07 1.36488E-01 0.96915
5.0000E+l_ _,48502E-07 1.00000

9.8686E+11 3.12786E+05 0.99979
2.00OOEtI3 8.37167E_00 1.00000
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DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR HEIGHT 20,697_5

TABLE D.2.---Cominued.

(j) Concluded.

4.95379Et06 Rtl0

TOTAL ENERGY EXCHANGE RATE

6_ 2.1722E_05 4.73997E400 0.99417

65 2.0561E_15 6.09633Ei0G 1.00000
66 6.8905E+12 2.5115SE÷05 0.99095
67 1.1265E_13 1.03143E+03 0.99999
68 5.68_0E+10 1.7226_E+02 0,99999
69 1.1842Et13 1.86258E÷01 1.00000
70 2.0000E+13 1.ZS755E*0_ 0.99998

71 Z.7611EI05 3.65183E-0_ 0.78882
72 9.2340Et09 2.56659E-00 0.99738
73 6.9957E_09 _.8905_E-03 0.99968

74 9.2540E_09 2.11169E-01 0.99982
75 3.7000E_12 4.07506E-06 0.98251
76 1.0000E_13 1.34054E--03 1.00000
77 2.0843E+12 6.15855E-01 0.99999
78 8.2567E+09 8.06615E-08 0.99690

79 2.9555E+12 9.3900_E-0_ 0.99850
00 1.1056E+15 4.]9718E-0_ 0.97489
81 5.0000E÷12 2.270_8E-08 0.99929

82 4.0000E_13 1.81768E-07 1.00000
83 S.00OOE+13 _.29504E+0_ 0.99018
84 3.0000E*13 1._2566Et00 ].00000
85 3.0O00L*15 _.66185E_0E 1.00000

86 2.0000E+13 3.78370E_00 1.00000
87 1.8983E+12 2.16225E+04 0.99994

88 6.3840E+1_ 6.45965E-0! 1.00000
89 5.1092E+05 I.SIO06E÷O0 l.O0000

90 3.0]90E+II ].03]15E_03 0.99938
91 3,4932E_10 3.28146E+03 1,00000
92 1.8047E+11 -_,20732E401 0._5350
93 9.4823E+11 2.39177Et03 0.99646
9_ 4,9_88E+12 7.92756E+0L 0.876_0

95 3.6636E+13 2.76799E+03 0.99916
96 3,6199E+13 6.87505E+02 0.99990
97 8.0000E+12 _.96858E+03 0.9999q
98 9.4845E+13 7.17IB2E+03 1,00000
99 2.4624E+10 1.03591E_02 0.25558

100 5.8456E÷12 2.64435E_02 0.90926
101 l.aOOOE÷12 3,07]0_E+0_ 0.99938

102 7.BOOOE+II 7.18510E*O0 1.00000
i05 5.9507E÷10 _.16562E_04 0.99996
i0_ 6.6130E+12 3.88553E+03 0.932_5
105 2.0|66E+L5 -1.61735E+05 0.93238
106 2,5212E+00 -4.64858E-01 0.99916

107 4.5570E+L5 3.70595E-03 0.99847
108 7.5210E÷00 -6.81221E-03 0.98760
109 5.2192E-02 -6.4_117E-06 0.567]0
110 2.1618E÷08 ],36171E-07 0,99999
III 1.0832E_13 2,3834_E-04 0.98230
112 8.8405E+10 -5.5780_E-06 0,85682
113 l,B192Etll -1.04156E-03 0.94912
114 1,2000Eel3 3.08177E-07 l,O0000
115 3.6000El13 1.60391E-05 0.55055
116 5._645E,12 A.30678E-05 0.25913
lit 6.4222Et12 1.13955E-01 0.95566
ill 2.5167E+13 1.79096E-02 0.9903_

119 3.7000E+I2 -I.0IS4_E-02 0.99068
120 2.0000E+15 7,03512E-05 1.00000
121 1.0000E+13 5.13490E-10 1,00000
122 2.0000E+E3 2.78145E-04 0.993_1
123 6.453BE+[1 1.66249E-10 0.96206

124 2.0000E+12 5.5546_E-10 0.99990
125 1.0345E+13 1.21936E-02 0,99918
126 2,4381E+12 2._6566E+00 0.8B_06
127 0.2489E÷12 3.04082E-02 0.999li
128 8.1743E+15 -_.86823E-02 0.9979_
129 2.1584E+14 3.17031E+00 I,O0000

130 2.2327E+07 -3.96171E-04 0.99971
131 9.3174E+06 -1.17350E-02 1,00000
132 5.6266E÷05 1.02750E-05 0.9_629
133 _,0000E+12 2.1550_E-07 l,O0000

134 5.5075E_08 -6.41358E-0_ 0.99878
135 1.1737E÷I0 -2._6452E-06 0.997L9
136 1.2725E+10 7,52015E-09 0.99998
137 5.7827E_11 -5.55_36E-07 0.2071_

13B 2.0526E+09 6.54586E-03 0,99932
159 |.0257E_16 -1.97185E-05 0,00171
140 9.6973E_15 -6,52687E-03 0.625_7
141 5.0000E_E2 ].79650E-06 0.96918

142 6.55_8E+15 1.92159E-04 0,59765
143 3.6000E+13 1.09596E-0_ 0.99792

0.00000E+00

-5.73830E+09 MASS FRACTION 5UH I.O000000L

(CAL-CM_3/G_Z/SEC)

COMPUTER TIME (CPU) REQUIRED= FOR THIS STEP - 1.650002E+00 5

(LSEN5) END OF THIS CASE

UP TO THIS TIME - I.IISO00E+OI S

SUMMARY OF COMPUTATIONAL NORK REQUIRED FOR PROBLEM=

TOTAL NO. OF STEPS - 169
TOTAL NO. OF DERIVATIVE EVALUATIONS - 233
TOTAL NO, OF JACOBEAN EVALUATIONS - 31
TOTAL CPU TIME - 11.150002 5

TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 14,839996 S

(LSENS) READ DATA FOR NEXT CASE
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]05 IxO +
106 1_(OH +

I07 IxCi'! +
IOa IxC_'J +
109 I_1'12 +

110 1 XHtlCO +
lli I_CN +

112 I_CN +
llS l_O +

11_ I_H +
115 I_H +
116 IXCH +
lll I_CH +
118 I_NH +

119 1_H02 +
120 1_0 +
121 IXNO +
122 I_NOZ +
123 l_tJO +
12c* I_NO +
125 I_O +

126 IxN +
127 M +
128 1_0 +
120 I_0 +
130 I_N20 ÷
131 I_NO2 +
132 1 _OH +
133 1WOH +

13{_ IXHNO +
135 I_H +
136 IWHNO +

M(H2
M(02

M(fi2
.H(CD2
M(N2

TABLE D.2.---Continued.

(1<)Continued.

I_HCN = lXOH + I_CN
I_HCN 1XHHCO + I_H

IWO I_CO + 1WN
IWOH = IxNCO ÷ lull
IWNCO IWHNCO ÷ IwH

IXH IXNH2 + 1wCO
Ix02 lXNCO + l'xO

I_C02 = l_NCO + 1wOO
IxNCO IWNO * 1wOO
I_NCO 1wN2 + l_CO

1WNC0 = I_NH + l_CO
I_NO = 1wN + I_HCO
1NNO = 1WO + 1WHCN
I_OH I_N + I_H20
IWIIO = l_N02 + l_ON

l_N02 I_NO + 1_02
1wO lXNO2 + M
L_H I_NO + I_OH
I_H : I_N + I_OH
i_0 I_N + i_02
IXN2 I_NO * I_N
1WNO2 = 2_N0

l_N20 IXN2 + I_0
l_N20 = l_N2 + 1_02
l_N20 2WNO
I_H : l_N2 + I_OH
I_H2 I_HNO2 + I_H
I_NO2 : I_HNO$ + M
I_NO I_HN02 ÷ M

1WH I_H2 + I_NO
I_NO ]_MNO + M
1wOH lxRZO + I_NO

ALL THIRD BODY RATIOS ARE

1._O000Eell 0.6800 16900.00

4.00000E+ll 0.0000 2800.00
1.20000E_I3 O.OOOO 0.00
2.50000E_I_ 0.0000 6000.00
I.O0000E+I_ 0.0000 9000.00

I.O0000E+I_ 0.0000 8500.00
_.20000E_13 0,0000 1000.00

5.70000E+12 0.0000 0.00
2.00000E+I_ 0.00o0 O.O0

I.O0000E+I_ 0.0000 0.00
2.00000E_13 0.0000 0.00
1.60000E+13 0.0000 99_0.00
2.00000E+12 0.0000 O.OO
5.00000E+1] 0.5000 2000.00
2.09000E÷12 0.0000 -477.00

1.O0000E+I_ 0.0000 $96.00
5.62000E+15 0.0000 -1180.00
S._7000E_I4 0.0000 1_70.00
2._3000E+I_ 0.0000 50_10.00
_.BOOOOE_09 1.0000 _1_70.00
1.80000E+I_ 0.0o00 76250.00
_.00000E+12 0.0000 0,00

6.9Z000E_2_ -2.5000 65000.00
I.O0000E+I_ O.O000 28020.00
6.92000E+I_ O.O00O 266S0.00
7.59000E+1_ 0.0000 15100.00
2,_0000E+13 0,0000 29000.00
_,O0000E+15 0.0000 -3800.00

5.6000OE+IS 0.0000 -1700.00
5.00000E÷12 0.0000 0.00
5._0000E+]5 0.0000 -600.00
S.6OOOOE+I3 0.0000 0.00

• 96) = 2._0000 M(O2 , 96) = 0.78000
• 98) = 1._0000 M(N2 , 98) = l.SO000
• 99) = _.00000 M(O2 , 99) = 1.50000
• 99) : _.00000 NIH2 ,101) = _.lO000
,101) = 2.00000 M(O2 ,1_2) = 0.70000

1.0 EXCEPT THE FOLLONING

M(H20 , 96) = 6.00000 M(H202 , 96) = 6.60000
M(H20 , 98) = 21.30000 M(E02 , 98) : 7.00000
M(H20 , 99) = 20.00000 H[NZ , 99) = 1.50000

M(O2 ,101) = 2.00000 N(HZO ,lOll = 15.00000
M(H2 ,132) = 1._0000

TIME O.O0000E+O0 SEC

FLON PROPERTIES

PRESSURE 5.00000
(ATM)

VELOCITY 0.00
(CM/SEC)

DENSITY 2,96_25E-05
(G/CMW_S)

TEMPERATURE 614.00
{DEG K)

HASS FLON RATE 1.OOO00E+OI
{G/SEC)

ENTROPY L.7275
{CAL/G/DEG K)

MACH NUMBER 0.0000

GAMMA 1.295q

ENrHALPY 5.60515E+01
(CAL/G)

SP. HEAT (CP) 2.91858E-01
CCAL/G/DEG K)

IW INITIAL CONDITIONS wW

HEAT LOS$(_DOT/MDOT) = -I.21BOE+O0 CAL/G

AREA O.O000QE+OO Sq CM AXIAl POSITION 2.00000E-O_ CM

INTEGRATION INDICATORS

STEP5 FROM LAST PRINT 0

AVERAGE STEP SIZE 0.00000E+00

METHOD ORDER 0

TOTAL HUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOOIAN EVALUATIONS 0

SPECIES MASS FRACTION MOLE FRACTION

C3H8 8.75262E-02 5.91518E-02
C2H5 O.O0000E+O0 0.00000E+00

CHS O.O0000E+O0 O.O00OOE+O0
OH4 O.O0000E+O0 O.O0000E+O0
CSH? O.ODO00E+O0 O.O0000E+O0
C211_ O.OOOOOE+O0 O.OOO00E+O0
H O.O0000E+O0 O.OOO00E+O0
H2 O.O0000E+O0 O.O0000E+OO
02 2.11232E-01 1,97108E-01

HO2 O.O0000E+O0 O.O0000E+OO
O 0,00000E+00 O.O0000E+O0
OH O.O0000E+O0 O.O0000E+O0
H20 O.O0000E+00 O.O0000E+O0
CH$O O.O0000E+O0 O.O0000E+O0
CH20 O.O0000E+O0 O.O0000E÷O0

C2H6 O.O0000E÷O0 O,00000E÷O0
CH2 O.O00OOE+O0 O.O000OE_O0
C2H5 O.O0000E+O0 O.DO00OE+O0

C2N2 O.00000E+O0 O.O0000E+O0
HCO 0.00000E+00 O.O0000E_O0
C2HZO O.O00OOE_O0 O,O0000E÷OO
C2H O.O00OOE+O0 O.O0000E+O0

CHEMXCAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RArE (MOLE/CHXWS/SEC) NUMBER

-5.57359E-20 1
5.57359E-20 2
5.57359E-20 3
O.O0000E+O0 4
0.00000E+00 5
O.00000E+00 6
O.O0000E+O0 7
O.O0000E+O0 8

-1.91172E-34 9

O.O0000E+O0 I0
1.96753E-34 11
O.O0000E+OO 12
O.O0000E+O0 13
O.O0000E+O0 14
O.O0000E+O0 15

O.O0000E+O0 16
O.O0000E+O0 17
O.OOO00E+O0 18

0,O0000E+0O 19
O.O0000E+00 20
O.O0000E+O0 21
0.O0OOOE+00 22

RATE CONST NET REACTION CONV RATE MET RATE/POSI-
CGS UNITS (MOLEiCH_W3/GX_2/SEC) TIVE DIR RATE

9._978E-15 6.347_2E-15 1.00000
7.6S60E+OB O.O0000E+O0 0.00000
_.5685E+02 0.00000E+00 0.00000
9.50_6E-IS O.O0000E+O0 0.00000
7.3221E+09 0.00000E_00 0.00000
9.2670E-07 0,00000E+00 O,O00OO

1.2796E+10 0.00000E+00 0.00000
4.1177E+11 O.00000E÷O0 0.00000
l._850E+OS O.OOOOOE+OO 0.00000
6.3000E+12 O.O0000E+O0 0.00000
1.6755E+06 O,00000E+00 0.00000
1.8_OSE÷IS O.O0000E_O0 0.00000

_,65_9E+10 0,00000E+00 0.00000
1.8152E+ll O.OOO00E+O0 0.00000
4.8595E+12 O.O0000E_O0 0.00000
9.2412E+05 O,O0000E+O0 0.00000

5,5213E+I0 O.O0000E+O0 0.00000
_,8000E+13 O.O0000E÷O0 0.00000
2.0000E_13 0,00000E_00 0.000o0
3.5112E_10 O.O0000E_O0 0.00000

1.5_S_E-II O.O0000E_O0 O.OOOO0
1.7516E+12 O.OOOOOE_O0 0.00000
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H1XTURE MOLECULAR NEIGH[ 29.85917

TABLE D.2.---.ConUnued.

(k) Continued.

133 2.2558E+16
134 5.0000E_12

135 8.8300Ee15
136 3.6000013

TOTAL EtJERGY EXCHANGE RATE 5.42968E-10
(CAL-CH_S/G_WZ/SEC)

O.O0000E_O0 0.00000
O.O00OOE_O0 0.00000
O.OOOOOElO0 0.00000
O.O0000E_O0 0.00000

MASS FRACILOH SUM 1.00000008

CPU TIME FOR INITIALIZATION OF LSEHS = 2.010002 S

TIME O.O0000E+O0 SEC

_KEOUILIBRIUM CONDITIONS He

FLON PROPERTIES

PRESSURE 5.00000
(ATH)

VELOCITY 0.00
(CM/SECI

DENSITY 7.12405E-04
(G/CMW_3)

TEMPERATURE 2205.10
(DEG K)

MASS FLON RATE 1.O0000E+OI
(G/SEC1

ENTROPY 2.3430
(CAL/G/OEG K)

MACH NUNBER 0.0000

GAMMA 1,2665

ENTHALPY 3.60510E+01
(CAL/G)

SP. HEAT (CP) 3.86532E-01
(CAL/G/DEG K)

AREA O,O0000E+O0 SO CM AXIAL POSITION 2.00000E-O1 CM

HEAT LOSS(QDQT/MDOT) = 6,7375E+00 CAL/G

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O.O000OE+O0

METHOD ORDER 0

TOTAL nUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIONS 0

SPECIES MASS FRACTION MOLE FRACTION

C3H8 4.40962E-09 2.57807E-09
C2H5 2.90615E-09 2.57807E-09
CH3 1.50347E-09 2.57007E-09
CHq 1.60426E-09 2.57807E-09
C3H7 4.30883E-09 2.57807E-09

C2H4 2.00536E-09 2.57807E-09
N 2.52153E-05 6.44928E-04
N2 4.89789E-03 6.26407E-02
02 1,73353E-06 1.39666E-06
HOB 3.30067E-09 2.57807E-09

0 9.10485E-07 1.46711E-06
OH 1.37839E-04 2.08944E-04
H20 9.86353E-02 1.41152E-01
CHSO 3.10341E-09 2.57807E-09
CH20 2,42160E-08 2.07920E-08

C2H6 3.00694E-09 2.57807E-09
CH2 1.40268E°09 2.57807E-09
C2HS 2.70457E-09 2.57807E-09
C2H2 2.60378E-09 2.57807E-09

HCO 8.92784E-08 7.93176E-08
C21t20 4.20373E-09 2.57807E-09
CZH 2.50299E-09 2.57807E-09

CO 1.16640E-01 1.07355E-01
CZNO 4.10293E-09 2.57807E-09
CH 1.30189E-09 2.57807E-09
C02 7.&6172E-02 4.60536E-02

H202 3.40146E-09 2.57807E-09
R2 6,89273E-01 6.34337E-01
HCN 8.56052E-00 g.16619E-08
n 1.40067E-09 2.57807E-09

CN 2.60177E-09 2.57807E-09
Hi,CO 4.02371E-08 2.41102E-00
NCO 4.20171E-09 2.57807E-09
NH2 2.19562E-08 3.53282E-08
NO 3.44264E-05 2.95785E-05
nH 1.20718E-08 2.07275E-08
no2 4.60055E-09 2.57807E-09

N20 _._0120E-09 2.57807E-09
HN02 4.70134E-09 2.57807E-09
HN03 6,30128E-09 2.57807E-09
HNO 3.10140E-09 2.57807E-09
AR 1.17370E-02 7.57455E-03

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CM_3/SECI NUMOER

-1.88763E-06 1
-1.64737E-04 2

1.09630E-02 3
4.94927E-08 4

-1.09486E-02 5

1.11153E-02 6
1.67780E-04 7

-4.66564E-06 8
6.34629E-09 9
2.22312E-00 10

7.32341E-08 11
1,86705E-04 12

-8.80070E-07 13
-7.27513E-06 14

8.53875E-07 15
-3.06632E-06 16

1.09127E-06 17
-4.01556E-06 18

4.70061E-06 19

3,54979E-07 20
1.40355E-07 21

-7.14720E-07 22

6.I_q5ZE-07 23
-2.43131E-07 24
-1.35362E-06 25
-_.93828E-07 26
-7,97699E-06 27

-4.74891E-09 28
2.17771E-06 29
4.27903E-00 30

-2,34320E-06 31
1.53519E-06 32

-1.39270E-06 33

-9.96718E-14 34
2.43727E-05 35
2.57321E-09 36
1.37363E-04 37
1.52331E-09 38

-2.SS09IE-05 39
-1.37720E-04 40

1.47813E-06 41
O.O00OOE+O0 42

43
44
45
46
47
48

49
50
5I
52
55
54
55
56

57

RATE COl&ST NET REACTION CONV RATE NET RATE/POSI-
CG3 UNITS (MOLE_CM_S/G_2/SEC) TIVE DIR RATE

2.6497E+07 3.71932E+00 1.00000
3.3836E÷11 -4.57303E-I0 0.11906
1,5369E+11 2.15727E+04 1.00000
3.7933E+08 -4.97_62E-03 0.77164
8.$358E÷12 -7.04647E-02 0.77]65
2.2566E÷08 -4.25156E-09 0.77820

1.3097E÷13 -2.51053E-04 0.77165
7.9688E+12 -2.18241E-02 0,77165
3.4491E÷10 -4.63861E-04 0.99960
6.3000E+12 -1.26755E_01 0.99960

4.1461E÷11 1.60820E+00 1.00000
1.1037E+13 -6.00120E+00 1.00000
1.4428E+13 2.15546E-02 0.59721
1.8839E+13 6.40254E-05 0.59721

3.8963E÷13 1.88587E-02 0.59721
8.4636E+13 3.28232E+02 0,99982
6.3896E+1I 3.46091E-06 0.99981
4.8000E+13 1.20054E-0I 0.99982
2,0000E+13 -1,41827E-05 0.98609

1._627Et13 -5,16927E-02 0.58553
3.5930E+09 1.39276E-02 0.99933
3.6252E+12 °4.15075E-03 0.58553

1.6065E+12 1.30202E-03 1.00000
2.5499E+12 1.45106E-05 1.00000
7.9870E+I2 4.54482E-05 0.99992
2.0210E+12 7.83700E+00 0.99972
4.2137E+12 2.28275E-05 l.O0000
6.0000E+12 1.50054E-02 0.99972

3.3000E+13 1.87777E-04 0.99991
5.0000E+12 4.05122E-03 0.99972
3.0000E+I3 2.99999E-07 1.00000
3.O000E+13 3.00000E-07 1.00000
1.0432E+06 -5.42732E-03 0.99926
1.6746E_13 8.34360E-05 0.87554
3.5110E+13 -5.71053E-0_ 0.74076

1.2752E+12 -1.38619E+00 0.99926
3.0572E+11 1,67923E-04 0.67772
3.5506E+13 1,91801E-04 0.99713
2.0000E+13 1.61628E-02 0.99713
8.2523E+II 4.47065E-06 1.0000o

1.2020E+12 6.84023E-06 I.O0000
I.O000E+I3 8,10465E-03 1.00000
5.0000E+13 1.2104qE-O1 0.96774
3.0000E+13 2.69018E-07 0.89939
6.3355E+12 6.0988_E-08 0.96265
I.OOOOE+13 9.99999E-08 1.00000
2.8000E+13 2.26922E-02 0.99996
3.7821E÷12 -3.36226E-02 0.91645

5.1680E+12 1.28386E-02 0.99306
1.2083E+13 -3.31554E-01 0.91645
8.0553Et12 -5,02823E-0_ O,91645
2.0000E+13 1.13810E-04 0.99996
2.2613E+10 5.38408E-02 0.61382
5.0000E÷13 2.83649E-04 0,99600
1.9470E+12 1.05480E-05 1.00000
2.O000E_13 5.00317E-02 1.00000
4.6878E÷08 6.12826E-08 0.00000
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MIXTURE MOLECULAR HEIGHT 25,7807]

TABLE D.2.--Confinued.

(k) Continued.

58 2.2013E+13
59 1.0057E+13
60 1.5710E÷13
61 1.1941E+11
62 1.4088E+13

63 2.0000E+13
64 1.6273E+07
65 1.3314E+11
66 1.0119E+ll

67 1.3314E111
60 3.7000E+12
69 1,O000E+13
70 4.7959E+12
71 1.2144E+11

72 6.108_E+12
73 2.2541E+13
74 5.0000E÷12
75 4.0000E÷13

76 3.0000E+13
77 3.0000E÷13
78 3.0000E+13

79 2.0000E÷13
80 8.3030E+12
01 9.4158E÷1_
02 4.6917E+07

83 3.5191E÷11
0_ 3.0694E+II
85 1,0288E_12

06 _,4775E÷12
07 1,8217E÷13
88 _.4815E*13
89 3,9798E+13
90 8.0000E_12

91 1.0497E+14
92 2.6327E+11
93 4,4015E+12
94 1.8000E+12
95 7.8000E+11
96 4.4444E+12
97 1,1787E+13
90 1.8343E+15
99 4.9363E+04

100 5,2198E+15
101 6.7260E+04
102 1.6596E+03
103 1.3088E+09

104 1.7900E÷15
105 5.5550E÷11
106 2.1113E+11
107 1.2000E+13
10B 6.5573E+13
109 1.2823E÷13
llO 1.4573E÷15

lll 2.3471E+13
112 3.7000E÷12
113 2.0000E+13
114 1,O000E+13
115 2,0000E+13
116 1.6556Et12
117 2.000oEt12

118 1.4875E+13
119 2.3304E_12
120 8.7203E+12

121 7.3233E+15
122 2.4811E+14
123 2.6532E+09
124 6.6525E+08
125 _.9094E+06
126 4,0000E+12
127 1,09_7E+09

128 1.6707E+11
129 1,5877E+11
130 2,4192E+12
131 3.2062E÷I0
132 7.1407E+]5
133 8.2542E+15

134 5.0000E+12
135 6,1924E+15
136 3.6000E+13

TOTAL ENERGY EXCHANGE RATE 5.63445E+00
(CAL-CM_3/G_x2/SEC)

-2.00079E-07 0.00000
-1.41921E-07 0.00000
-4.40742E-10 0,00000

7.43132E-09 0.77165
3.34_47E-06 0.77164

-4.82236E-04 0.99959
-3.44902E-03 0.90203
-i.81995E-02 0.90203

-3.14655E-05 0.90203
-5.89629E-03 0,90203
6,60950E-01 1.00000
5.41746E-05 1.00000

2,59789E-05 0.99909
-2.25645E-05 0.97028
-1.61644E-01 0.97028
-1.84111E÷00 0.97028

-1,05910E-07 0.67930
3.99655E-07 0.99914

-1.47829E-04 0.02872
-2.00580E-08 0.00000

-3,48865E-06 0,00000
-6.18997E-06 0,00000
8.49213E-04 0.00000

-3.51168E-05 0.00001

-2.36450E-09 0.00000

-1.01411E-02 0.00000
3.66970E-03 0,02871

2.34161E-04 0.00000
4.13785E-06 0.00000
2.22077E-04 0.00000
3.21879E-03 0.02871
6.50254E-06 0.02871
1.86154E-04 0.02871

7.53943E-03 0.02871
-6.23228E-02 0.49349

1.760_1E-03 0.49349
-1.65168E-00 0,47852
9.91290E-04 0.50803
1.56525E+01 0.50803

-1.49093E-01 0.00000
-0.79791E-03 0.02872

2.50316E-04 0.00001
-6.06755E-07 0.00000

1.17654E-04 0.00000
1.86539E-11 0.00001
3.22042E-03 1.00000
4.2BII6E+O0 0.98432

-6.28647E-03 0.98_32
-2,67956E-09 0,00000

6.76986E-05 0,99136
2,38200E-02 0,46231
3.02489E_00 0.97084

-1,96390E-07 0.00000
6.37923E-05 0,46231
3.05564E-OL 0.46231
1.10496E-04 0.97084
9.47097E-08 0.94710
4.85729E-02 0.97084
1.89949E-04 l.QO000

2.29462E-04 1.00000
4.35028E-02 0.44882

-2.79051E-03 0.91257

4.54522E-05 0,91508
-1.42368E-01 0.91508

5,67949E-01 0,91508
3.41768E-02 0.44082
1.94941E-05 0.44882
3.13554E-03 0.44882
5,38369E-08 0.8_592

-1.23741E-03 0.22565
-2.77063E-07 0,22565
-2.63297E-07 0.22565
-1.76353E-03 0,22565
-8.5469]E-03 0.52316
-2.71359E+02 1.00000

-5.02538E+01 0.95950
-1.73611E-02 0.50124

2.85459E_00 0.58124
-4.04976E-02 0.58124

MASS FRACTION SUM 1.00000027

COMPUTATIONAL HORK REQUIRED FOR EQUILIBRIUM CALCULATION=
N0. OF ITERATIO_I$ = 14 CPU TIME = 9.000397E-02 S

INITIAL ESTIMATES (SIGMAS) AT TEMPERATURE =

C3H0 1.O0000E-IO
C2H5 1.O0000E-IO
CH3 1,O0000E-IO
CH4 I.OOOOOE-IO
C3H7 1.O0000E-IO
C2H4 1.00000E-10

H 2.50159E-05
H2 2.42975E-03
02 5.41748E-08
H02 I.O0000E-IO
0 5.69073E-08
OH 8.10468E-06
H20 5.k751lE-03
CH30 1.00000E-10
CH20 8.0649AE-10
C2116 1,00000E-]0
CN2 I.O0000E-IO

C2H3 I.O0000E-IO

2205.10 K,
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C2H2
HCO
C2H20
C2H
CO
C2HG
Cll

C02
H202
1_2
HCf|

N
CN
HIJCG
NCO
IIH2
|10

NH
|102
I120
lffJ02
HIJ03

HNO
AR

TABLE D.2.--Confinued.

(k) Continued.

1.OOOOOE-IO

3.07663E-09
1,O0000E-IO
1.00000E-10
_.16A16E-05
1.O000DE-IO
1.00000E-IO
1.78636E-05

1.00000E-10
2.46051E-02
3.16756E-09
1.00000E-10
1.00000E-lO
9.35203E-$0
1.00000E-10

1.3703_E-09
1.1_731E-06
8.03991E-10
1.00000E-lO
1.00000E-10
1.00000E-IO

1.00000E-10
1.OOOOOE-10
2.93807E-0_

HELLSTIRRED REACTOR CALCULATION .... LSEN$

INITIAL STATE

PRESSURE ATM 5.00000

TEMP. DEG K 614.000
EtITROPY CAL/GM/K 1.72748
DENSITY GH/CMxw_ 2.96325E-05
ENTHALPY CAL/GM 36.0515
SP. HEAT (CP) CAL/GM/K 2,91858E-01
MOL. FIT, OF MIXT 29.8592

GAMMA 1,295_

PROPANE-AIR HELL-STIRRED REACTOR + ROCKET EXP; EMAX=IO-4

FINAL STATE FIHAL/INITIAL RATIO

5.00000 1.00000
Zl90,9q 3.56831

2.33746 1.35310
7.19q04E-0_ 0.24278

29.3S50 0.615084
3.6653qE-01 1.25586

25.8669
1.2652

SPECIES MOLE FRACT MASS FRACT MGLE FRACT MASS FRACT

C5H8 5.91318E-02 8,73262E-02 1,01303E-07 1.72695E-07
C2H5 O,O0000E+O0 O.ODO00E÷O0 2.58669E-09 2,90615E-09
CN3 O.O0000E÷O0 O.O0000E÷O0 2.73015E-04 1.58685E-04
CN_ 0.00000E+00 0.00000E÷00 9.qSZ62E-04 5.86249E-04
CSH7 0.00000E÷00 O.O0000E÷O0 2,58669E-09 4.30883E-09
C2N4 O,O0000E+O0 O,OOO00E+OO 8.a8892E-06 9.6_054E-06
H O.O0000E÷O0 O.O0000E+O0 7.91521E-0_ _,OB_36E-05

NZ O,O0000E÷O0 O.00000E+O0 5.90258E-02 4.59986E-03
02 1.97108E-01 2.11232E-01 8.04592E-05 9.95324E-05
NO2 O,O000OE+O0 O.OOO00E+O0 7.6036_E-08 9.70239E-08
0 O,O0000E+O0 O.00000E+O0 2,62S96E-06 1.62299E-06
OH O.O0000E+O0 O,O0000E*O0 2,68915E-04 1.76810E-04
H20 O.O0000E÷O0 O.O0000E+O0 I.q2406E-01 9.91795E-02

CHSO O,O0000E÷O0 O,O0000E+O0 1.0258qE-07 1,25076E-07
CH20 O.00000E÷O0 O.O0000E+O0 5.7_864E-06 6.66138E-06
C2H6 0.00000E+00 0.00000E+00 7.57872E-07 8.81000E-07
CN2 O.O0000E÷O0 O.O0000EtO0 6.7_8_2E-06 3.65940E-06
C2115 0,O000OE+00 0.00000E+00 2.69585E-07 2.81870E-07
C2112 0.00000E÷00 0,00000E+00 5.91869E-0_ 5.95779E-0_

HCO O.O0000E÷Og O.00000E+O0 1.15555E-07 1.29653E-07
C2H20 O,O0000E_O0 O.O0000E+O0 4.41671E-06 7.17776E-06
C2H O.O0000E÷O0 O.O0000E+O0 5.43488E-07 5.25902E-07
CO O.O0000E+O0 O.O0000E*O0 1.03864E-01 1.12470E-01
C2HO 0.000OOE+00 O.00000E÷O0 8,02887E-07 1.27352E-06
CN 0.00000E÷00 0.00000E+00 1.95182E-07 9.72290E-08

C02 2.82376E-04 _,16200E-0_ 4.76000E-02 8.09863E-02
11202 0.0000OE+00 0,00000E÷00 2.58669E-09 3.40146E-09
N2 7.5_705E-01 6.89289E-01 6.36_2qE-01 6.892_5E-0l
HCN 0.00000E+00 0.000OOE+00 9,55685E-06 9.77598E~06
N O.O0000E÷O0 O.O0000E+O0 2.99478E-08 1.62165E-0B

Ctl 0.00000E+00 O.O0000E÷O0 2,58669E-09 2.60177E-09
HIICO O.00000E÷00 0.00000E+00 2.61621E-06 _.35160E-06
NCO O.O0000E+O0 O,O0000E÷O0 1,0_16_E-08 1.69200E-08
NH2 G.00000E+00 O.00000E+00 4.95708E-06 3.07051E-06
110 0.00000E÷00 0.00000E+00 8.14q63E-O5 9,q4791E-05
NH O,O0000E÷O0 O.O00OOE-_O0 1.38717E-07 8.05189E-08

IIUZ O.O0000E+O0 O.O0000E+O0 2.58669E-09 _.60055E-09
1120 O,O0000E+O0 O.O0000E+O0 2.58669E-09 _._0128E-09
HN02 O.OOQOOE+O0 O.O0000Ef00 2,58669E-09 4.70134E-09

NIID3 O,O0000E*O0 O.O0000E_00 2.58669E-09 6.3012_E-09
HIIO O.O0000E+O0 O.O0000EFO0 2,21709E-08 2.65825E-08
AR 8.77283E-03 1.17570E-02 7.599_8E-05 1.17370E-02

CASE 11

HEAT LOSS(QDOT/MDOT) = 6.6668E÷00 CAL/GM

VOLUME 300.000 CM_5 MASS FLO

MDOT/VOLUME = 0.0SSSS RESIDENCE TIME =

10.0000 GM/SEC

21.5821 MSEC ITERATIONS = 12

7O



TABLE D.2.---Continued.

0c) Continued.

NELLSTIRRED REACTOR CALCULATION .... LSENS

INITIAL STATE

PRESSURE ATM 5.00000

]EMP. DEG K 614.000
ENTROPY CAL/GH/K 1.72748
DENSITY GM/CM_S 2.96325E-03
ENTNALPY CAL/GM 36.0515
SP. HEAT (CP) CAL/GM/X 2.DI858E-0L
MOL. HT. OF MIXT 29.8592
GAMMA 1.2954

PROPANE-AIR NELL-STIRRED REACTOR + ROCKET EXP; EMAX=IO-4

FINAL STATE FINAL/INITIAL RATIO

5.00000 1.00080

2148.67 3.499_7
2,33082 1.34926

7.36115E-04 0.248_1
36.0111 0,998881

3,66061E-01 i.Z542_
25.9571

SPECIES MOLE FRACT MASS FRACT MOLE FRACT MASS FRACr

C3118 5.91318E-02 8.73262E-02 2.315_0E-05 5.93342E-05
CIH5 O.O000GE+OD O.DODOOE÷O0 7.64447E-fi7 B.55872E-07
CH3 O,O0000E+OO O,OOOOOEeOO 1.73760E-03 1.006_E-03
CH4 O.O0000EeOO O.O00OOE+O0 1.2IIBBE-O$ 7.49611E-04
CSN7 O.O0000E_O0 O.000O0EtOO 2.59571E-09 4.30883E-09

C2H_ 0.00000E+00 0.00000E_00 3.05887E-0_ 3.30592E-04
H 0.000DOE+D0 0.000O0E÷0D 4.66244E-03 1.81053E-04
tl2 O,OOO00E+O0 O.OOOOOE400 6.73052E-02 3.67367E-03
02 1.97108E-0] 2.11252E-01 2.19_54E-05 2.70535E-03

H02 O,O0000E÷00 O.O0000E÷O0 3.15334E-06 _.00975E-06
0 O.OODOOE+OO Q.QDOQOE_O0 1.52_71E-0_ 9.39801E-05
OH O.O0000E+QO O,O0000E+OO 1.93598E-05 1.26847E-03
H20 O.00000E+0O 0.00080E÷00 1._6084E-01 1.01388E-0L
Ctt30 O.0000OE+0O 0.000OOE+00 8.13630E-07 9.72770E-07
CII2O O.O0000E÷08 O,OOOQOE_O0 6.71907E-05 7.77237E-05
C2H6 O.O0000E÷O0 O,OOOOOE÷O0 3,17376E°05 3,67656E-05

CN2 O.O00OOE+O0 O,OO00OE+OD 1.73602E-0_ 9.38117E-05
CIH3 O.O00QOE+OO O.00080E÷O0 1.95695E-05 2.03900E-05
CIH2 O.O0000E÷O0 O.O00OOE÷OO 2.662_9E-03 2.67077E-03
HCD O,OOO00E÷O0 O.O00OOE+OO 2.BOSllE-06 3.13369E-06

C2H20 O.O0000E÷00 O.00080E÷00 4.49156E-05 7.ZT_OSE-05
C2H 0.00000E_0D 0.00O00E+00 1.26075E-05 1.21572E-05
CO 0.00D00E÷0D O.00000E+O0 9.95922E-02 1.0725_E-01
CIHO O.OOOOOE+O0 O.O0000E_O0 5,26326E-05 8.319_ZE-05
CH O.OOOOOE+O0 O.OQOOOE÷CO 3.38357E-05 1.69?0_E-85
CO2 2.82378E-84 _.16200E-D_ _.547_SE-Q2 7.71Q1ZE-02
H202 O.OOOOOE+O0 O.OOOOOE+OO l._8198E-O? 1.94201E-07

112 7.34705E-01 6.89289E-01 6.38598E-01 6.89187E-01
IICN O.OODOOE+O0 O.O00OOE+O0 2.82088E-05 2.93700E-05
N O.OODOOE÷O0 O.DOOOOE+O0 3.93803E-07 2.12500E-07
CII O.OO000E+OO O.OOOOOE÷O0 9.97618E-08 9.99946E-08
HNCO O.O080OE÷O0 O.OO080E+O0 4.02982E-06 6.67960E-06
11C0 O.O0000E+O0 O.O0000E+O0 1,23855E-07 2.00_86E-07

NH2 O.O00OOE+OO O.O0000E÷O0 4.75288E-05 2.93380E-DS
NO O.O0000E+O0 O.OQOOOE+OQ 1.07732E-04 1.2_556E-04
NH O.OOOOOE÷O0 O.OOOOOE÷O0 S.6SSIOE-O7 3.258_0E-07

NOZ 0.00000E+O0 O.00000E+00 2.59571E-09 _.60055E-09
N20 O.O00OOE+OO O.OOOOOE_OO 3.33234E-08 5.65030E-03
HNO2 O.00000E+O0 O.OO00OE+00 2.59571E-89 4.70134E-09
tlld03 O.O0000EIOO O,OO000E+O0 2.59571E-09 6,50128E-09

NNO O.O000OE÷O0 O.O0000E+O0 1.79560E-87 2.IG54_E-O?
AR 8.77283E-03 1.17370E-02 7.62638E-8_ 1.17370E-02

CASE II

tlEAT LOSS(QDOT/MDOT) = 4.03_6E-02 CAL/GM

VOLUME 300.000 CM_3 MASS FLO

MDOT/VOLUME = 5.33333 RESIDENCE TIME =

1600.00 GM/SEC

0.1380 MSEC ITERATIONS = 4

COMPUTATIONAL NORK REQUIRED FOR PSR CALCULATION,
NO. OF ITERATIONS = 22 CPU TIME = 4.480003E+00 S

TIME 0.00000E÷00 5EC

FLON PROPERTIES

PRESSURE
[ATM)

VELOCITY
(CM/SEC)

DENSITY
(G/CM_WS)

TEHPERATURE
(DEG K)

MASS FLON RATE
(G/SEC)

ENTROPY
(CAL/G/DEG K)

MACH NUMBER

GAMMA

ENTHALPY

(CAL/G)
SP. HEAT (CP)

(CAL/G/DEO K)

_W INITIAL CONDITIONS _

AREA 1,90000E÷OI SQ CM

5.00000

11_398.6B

7.3611_E-04

21_8.67

1.60000E÷05

2.3308

1.2263

1.26_

3.60111E÷01

3.66061E-01

AXIAL POSITION

INTEGRATION INDICATORS

STEPS FROM LAST PRINT

AVERAGE STEP SIZE

METHOD ORDER

TOTAL NUMBER OF STEPS

FUNCT EVALUATIONS

JACODIAN EVALUATIONS

2.OOOOOE-OI CM

0

O.00000E+00

0

0

0

0

71
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TABLE D.2.----Continued.

(k)Continued.

CHAHBER PRESS = 73.5 PSIA THROAT AREA = 2.32500E÷00 SQ IH

ll_.0 METERS/SEC = 116.7 LB-SEC/LB IVAC = 17_5.6 HETERS/SEC = 17Z.0 L0-SEC/LB

CSTAR = 1558.7 FT/SEC THRUST COEFF = 2.4079 AREA RATIO = 1.267

HEAT LOSS(QDOT/MDOT) = 4.0346E-02 CAL/(G-CM)

SPECIES MASS FRACTION MOLE FRACTION

C3H8 3.93342E-05 2.31540E-05

C2115 8.55872E-07 7.64447E-07
CH3 1.00644E-03 1.73760E-05
CH4 7.49611E-04 1.21288E-03
C3H7 4.30083E~09 2.59571E-09
C2H4 3.30592E-04 3.05887E-04
H 1.81053E-04 4.66244E-03

[12 3.673670-03 4.73052E-02
02 2.70533E-03 2,194540-03
HOB 4.009750-06 3.153340-06

O 9.39801E-05 1,524710-04
OH 1.26847E-03 1.93598E-03

H20 1.01388E-01 1.46084E-01
CHSO 9.72770E-07 0,13630E-07
CHZO 7.77237E-05 6.719070-05

C2N6 3.67656E-05 3.17376E-05
CH2 9.38117E-05 1.73602E-04
C2H3 2.03900E-05 1.956930-05

C2HZ 2.670770-03 2.66249E-03
HCO 3.133690-06 2,80311E-06
C2H20 7.27403E-05 4.49156E-05
C2H 1.21572E-05 1.26075E-05
C0 1.07254E-01 9.93922E-02
C2HO 0,31942E-05 5,263260-05
CH 1.69704E-05 3.38357E-05

C02 7.71012E-02 4,54745E-02
H202 1.942010-07 I.SBI9BE-O7
t12 6.89107E-01 6,38598E-01
HCN 2,93700E-05 2.82088E-05
N 2.12500E-07 3.93803E-07
CH 9,99946E-OB 9,97618E-OB
HHCO 6.679600-06 4.029020-06

NCO 2.004860-07 1.238550-07
NH2 2.93380E-05 4.75208E-05
NO 1.245360-04 1.077320-04
NH 3.25840E-07 5.63310E-07
NOB 4,600550-09 2,595710-09
N20 5.65030E-08 3.33234E-00
HHOZ 4.7013_E-09 2.59571E-09
HH03 6.30128E-09 2.59571E-09
HIIO 2.14542E-07 1.79560E-07

AR 1.17370E-02 7.6263BE-03

CHEMICAL PROPERTIES

NET SPECIES PRODUCTTOH REACTION

RATE (MOLE/CHX_3/SEC) NUMBER
-1.05572E-02 l

1.57005E-07 2
9.49976E-03 3
2.49208E-04 4

-9.14273E-03 5
9.20558E-03 6
9.59796E-04 7
9.71962E-03 8

-3.47558E-02 9
6.36669E-07 10

3.128650-05 11
4.93335E-04 12

3,00154E-02 13
1.66997E-07 14
1.380720-05 15
6,51821E-06 16

3.56721E-05 17
4,02397E-06 18
5.47053E-04 19
5.80057E-07 20
9,22834E-06 21

2.58966E-06 22
2.04218E-02 23
1.081050-05 26
6,950980-06 25
9.293080-03 26
3.044120-08 27

-1.94100E-05 28
5.79600E-06 29

8.092130-00 30
2.04971E-08 31
8,279950-07 32
2.544860-08 33
9.765600-06 34
2.62632E-06 35
1.157420-07 56

1.167730-04 37
6.84688E-09 38
1.773050-05 39

-1.14993E-04 40
3,689190-00 41
0.00000E÷00 42

43
44

45
46
47
40
49
50
51

52
53
54
55
56

57
58
59
60
61

62
63
64
65

66
67
68
69

70
7]
72

73

74
75
76
77
70

79
80
81
82
83
84

85
B6
87
88
89
90
91

92
93
94
95

RATE CONST

CGS UNITS
1.60650+07
3.1011E÷11

1.2596E+11
2.23930+00
7.7621E÷12
1.5990E+08
1.2209E+15

7.7351E÷12
2.9044E+10
6.3000E+12

3.6558E_1]
1,1152E413

1.3613E÷13
1.79730+13
3.8149E÷13

7.0287E_13
6.2010E+11
4.8000E+13
2.0000E413
1.3760E÷13
2.2339E+09

3,5986E+12
1.5973E÷12
2,5327E+12
7.7512E÷12
1.66830÷12
4.2200E÷12

6.0000E÷12
3.3000E÷13
5.0000E412
3.0000E+15
3.0000E÷13
5.4938E+05
1.5782E+13

3.2945E+13
1.2228E÷12
3.0536E÷11
3.5188E÷13
2.0000E÷13
8.1296E÷11
1.2020E+12
1,00000÷13

5.0000E+13
3.00000÷13
6.2600E+12
1.0000E÷13
2,8000E_13
3.7147E+12
5.0629E+12
1,15170+13

7.6782E+12
2.0000E÷13
1.5783E+10
5.0000E_13

1.8651E+12
2.0000E,13
2.8851E_08
2.26500+13
9.8190E÷12

1.53830+13
1.1371E+11
1.3906E+13
2.0000Ee13
9.3984E÷06

1.1217E+11
B.5229E_10
1,1217E+11
3.7000E÷12

1.00000+13
4.5407Ee12
1.0217E÷11
5.B2030÷12

2.1486E÷13
5.0000E+12
4,0000E+13
3.00000}13
3.0000E+13

3.0000E÷]3
2.0000E+13
7.5634E+12
9.1872E+14
3.525;E+07
3.2993E+11

2,6753E+11
9.2158E+11
4.0584E÷12
1.6776E+13

4.4247E+13
3.9560E+13
0.0000E+12
1.0430E+14
2.2664E+11
4.3639E+12
1.8000E412
7.8000E+11

NET REACTION CONV RATE NET RATE/POSI ~
(HOLE_CH_S/G_Z/SEC) TIVE DIR RATE

1.96640E+04 0.99906

1.8993AE÷01 0.99991
1.68917E+04 0.98710

-3.43897E+04 0.9884I
2.28150E+04 0.35021

-3.71835E_00 0185479
1"470230÷03 0'43876
9'787230+03 0.36316

1.49213E÷02 0,90775
2.485950_02 0.00790
4.413740_02 0.99900
6.60346E+03 0.13214

2.90679E_03 0.99903
1.28977Ee02 0.99917
3.47566E_03 0,99905
2.580110o04 0.32354
1.46062EI00 0.94602
2.52622E÷02 0,99491

8.94556E+03 0.99905
2.866970_04 0.90435
1.00839E÷03 0.99628
3.114380÷03 0.98_67
1.40013E+03 0,99732
1.75312E+02 1.00000
5.35807E+02 0.99062

3.07399E+04 0.63439
2.68978E÷02 1.00000
8.10270E+02 0.99725
1.461370÷02 0,99999
2.80309E+02 0.99730

1.50564E÷02 0.99537
1.09451E401 0.9963_

-2.14091E+02 0.99000
9.508500+03 0.99995
1.975930404 0.9954_
2.451860+03 0,26210
2.327320÷03 0.99626

1.44403E+03 0,99935
7.19438Et02 0.99299
1.39365E+02 1,00000
1.43164E+01 1.00000
1.512320_03 1.00000
1.79997E_0_ 0.98042
_.0683qE+02 1.00000
8.486140+01 0.99963
_.11146E+01 1.00000

3,6135_E÷03 0.99997
-1,B25540+02 0,27578

1.53042E_03 0.97254
-I.46366E_03 0.29021
-1.69263E+01 0.17823

2.03284E+02 1.00000

-1.227600÷03 0.53849
1.426440÷02 0.99995
_.94269Ee00 0.99998
1.12605E_02 1.00000

2.47993Et01 0.86]96
4.368380+03 0.99898
4.56100E_03 0.99896
2.33694E*02 0.99910
1.967230+01 0.99840

1.00282E+02 0.99756
1.61422E+02 0.99248

-1.88849E+03 0.98733
5.47249E+02 0.40575
1.63117E*01 0.48673

2.33868E_02 0,41760
8.44952E_03 1.00000
1.10206E+03 1.00000

2.56751Et03 1.00000
1.68649E+00 0.420[6
9.931080402 0.34207

8.48369E+03 0.32860

2.23643E+02 0.99997
1.70919E+03 1.o0000
2.69292E+02 0.98517
1.90039E+01 0.99863
2.41254E+02 0.99844
3.873300÷02 0.99841

2.48318E+04 0,78916
5.832010+02 0.99521
1.06319E401 0.93150
2.40913E+04 0.26417
1.23752E+02 0.99442
3,61643E+03 0.11070

5.59004E+0_ 0.90702
2.44723E+0_ 0.13627
0.744130÷02 0.90564
2.59288E+01 0.91850
6.57821E+0] 0.90752
2.25860E+03 0.99242

-2.76187E-01 0.00547

4.70124E-02 0.02530
2.404420-02 0.90512
7.939970-01 0.99261
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TABLE D.2.--Continued.

(k) Continued.

DERIVATIVES (COS UNITS)= T

MIXTURE MOLECULAR HEIGHT

-1.61242E÷08 RHO

25.9571L TOTAL ENERGY EXCHANGE RATE
(CAL-CH_XS/G_Z/SEC)

96 3.3835E+12
97 1.156_E+13
98 1.B455E+15
99 2.6280E+04

100 3.3044E+15
101 3,7836E+06

]02 8,2985E÷02
103 1,1680E+09
104 1.7341E+13
105 4.9322E+11
106 2.0762E÷11
107 1.2000E413
108 6.1328E+15

109 1.2150E+13
I10 1.3659E+13
111 2.5318E+13
112 3.7000E÷12
113 2.0000E+I3

114 1.0000E+13
115 2,0000E÷13
116 1.5599E÷12

117 2.0000E+12
118 1,4509E+13
119 2.3370E÷12
120 8.6972E÷12
121 7.3764E+15

122 2.4593E+14
123 1,9614E+09
124 5.0SB9E+OB
125 3.1593E÷06
126 6.0000E+12

127 7.9120E+08
128 1.4125E+11
129 1.3535E÷11
130 2,2099E÷12

131 2.6947E_10
132 7.3052E+15

133 0.3338E÷]5
134 5.0000E_12
135 6.2147E+15
136 3.6000E÷13

-2.2S601E-03 V

-4,71638E+09

-1.14933E+00 0.00086
3.07904E404 0.01998
3.23997E+03 0.92020

-3.35336E+03 0.99262
9.8227SE+01 0.99350

-1.34185E+03 0.99247

-3.59256E-02 0.93005
3.74563E+01 0.99999

-2.57872E+01 0.17518
9.05306E-01 0.28754
1.00876E+01 0.64699
2.70856E-01 0.99981

9.38431E+00 0.53382
8.66268E+00 0.08199
1.80222E_01 0.04731
7.87019E+00 0.95665

9.12932E+00 0.36645
S.60551E-OI 0.99999
7.25902E-04 1.00000
1.71129E+01 0.99854
8._3899E÷00 1.00000

1.08202E+01 1.00000
1,68993E_01 0.71962
1.15078E+00 0,97662

-1.26993E-02 0.71312
4.99607E÷00 0.97993
2,98561E+00 0.67588

-5.60612E+01 0.97458
-5.20566E+00 0.99764
-1.668_BE400 0.78311

6.01853E-06 0.99176
-6.79588E-01 0,92455

7.78928E-05 0.07515
1.01038E-05 0.98990

4.65666E-01 0.91302
-1.11662E-01 0.95787
-2.12217E+02 0.99999

3.28530E_0] 0.64853
6.1551qE+00 0.99073
2.46284E+0| 0.18745
1.86052E+01 0.99092

2.27587E+05

MASS FRACTION SUM 1,00000018

CPU TIME FOR INITIALIZATION OF LSENS = 0.599998 S

TIME 2,10853E-05 SEC AREA 9.50000E+01 SQ CM AXIAL POSITION 6.00000E+O0 CM

FLOH PROPERTIES

PRESSURE 0.31215
(ATM)

VELOCITY 205765.31
(CM/SEC)

DENSITY B.18S50E-05
(G/CM_3)

TEMPERATURE 1207.46
(OEG K)

MASS FLOM RATE 1.59988E+05
(O/SEC)

ENTROPY 2.3367
(CAL/G/DEG K)

MACN NUMBER 2,9058

GAMMA 1.2975

ENTHALPY -5.1353AE+02
(CAL/G)

5P. HEAT (CP) 3.55538E-01
(CAL/G/DEG K)

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 16

AVERAGE STEP SIZE O.131BDE÷O0

METHOD ORDER 4

TOTAL HUMBER OF STEPS 158

FURCT EVALUATIONS 203

JACOBIAN EVALUATIONS 30

ISP =

CHAMOER PRESS = 75.5 PSIA THROAT AREA = 2.32500E*00 5Q IN

2057.5 METERS/SEC = 209.8 EB-SEC/LB IVAC = 2245.2 METERS/SEC : 229.0 LB-SEC/LB

CSTAR = 1558.8 FT/SEC THRUST COEFF = 4.3304 AREA RATIO = 6.535

HEAT LOSS(QDOT/MDOT) = I.ODSSE-02 CAL/(G-CM)

SPECIES

C3118
C2H5
CH3

CH4
C3H7
C2H4
H
H2

02
HOZ
0

OH
H29
CHSO

CHEMICAL PROPERTIES

MASS FRACTION MOLE FRACTION NET SPECIES PRODUCTION REACTION RATE CONST
RATE (HOLE/CM_3/SEC) NUMBER CGS UNITS

5,56854E-07 2+10267E-07 3.30566E-08 1 5.8480E+00
1.56557E-05 1.59970E-05 3.50952E-06 2 4.8518E+10
1.45636E-04 2.51684E-04 -3.70288E-05 S 2.9365E÷08
6.3096tE-04 1,02187E-03 2.24521E-05 6 2.3fi93E+OI

2.02770E-11 1.22271E-11 5.38548E-10 5 8.8897E+11
2.07228E-06 1.91929E-0_ -2,SlOB5E-06 6 5,8032E+03
9.029]0E-05 2.53365E-03 -1.05952E-04 7 1,4368E+12
3.87762E-03 4.99805E-02 8.23327E-05 8 3.0982E+12
7.11964E-04 5.78104E-04 -9.71503E-06 9 1.5654E+08

3.94974E-07 3.10919E-07 1.56193E-08 I0 6.300OE+12
4.29186E-06 6.96981E-06 -1.55164E-06 II 7.9052E+09
6.53450E-05 6.92747E-05 -2.30869E-05 12 1,4063E+13

1.02BOIE-01 1.48323E-01 1.39377E-05 13 2.3166E÷12
8.05791E-10 6.74628E-10 -5.75168E-10 14 4,2875E+12

NET REACTION CONV RATE NET RATEIPOSI-
(MOLE_CM_3/G_ZlSEC) TIVE DIR RATE

-4.95770E+00 0.99992
5.80296E-03 0.99990

-7.65783E-02 0.04339
-6.25179E÷03 1,00000

2,64015E+08 0.77877
-3.87778E-02 0.99987

1,3_998E+01 0,89058
2,57790Et02 0.79549

3,26564E-02 0.98037
-2.37944E+00 0.01441

6.1306_E-03 0.77605
1.31746E_03 0,99981

1.01474E÷03 0.99754
5.17354E÷00 0.99869

73 •



i tl i i_ll I 11 II s i



DERIVATIVES (COS UNITS)z T

MIXTURE MOLECULAR HEIGHT

TABLE D.2.--Continued.

(k) Concluded.

125 2.8_32E+00 -8,227_0E-01
126 _.0000E+]2 7.27987E-07
127 2.3_57E÷0_ -6.607qlE-05
120 0._702E+00 1.95076E-07
129 1.0_71E+09 Z.qO855E-07

ISO I.qOSIE÷I1 1.17563E-02
131 1.5525E÷08 -5.5_266E-01
132 I,_619E+16 1.17722E-06
1IS 1.137_E+16 S.07q62E-Ol

1]_ 5.OOOOE+12 9.09786E÷00

ISS 6.9542E÷15 8.86939E+00
156 5.6000E÷1_ 1.79102E+00

5.76675E÷05

MASS FRACTION SUM

-8.25079E÷01 RHO -1.9526_E-05 v

25.90255 TOTAL EtlERGY EXCHANGE RATE -2,00Z7SE÷09
(CAL-CM_S/G_Z/SEC)

1,00000
1.00000
0.980_z
1.00000
0.99966

1.00000
0.9999_
0.3_90_
0.76920

1.00000

0.99509
1.0000o

1.00Q00017

COMPUTER TIME [CPU) REQUIREDz FOR THIS STEP - D.799896E-01 S UP TO THIS TIME - 1.01699BE+01 S

(LSENS) EHD OF THIS CASE

SUMMARY OF COMPUTATIONAL NORK REQUIRED FOR PRODLEM_

TOTAL NO. OF STEPS - 150
TOTAL NO. OF DERIVATIVE EVALUATIONS - 205

TOTAL HO. OF JACOBEAN EVALUATIONS - 30
TOTAL CPU TIME - 10.169983 S

TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 12.259995 S

(LSENS) READ DATA FOR NEXT CASE

75



DISTANCE-AREA VERSION

LSENS

REACTION
HUMBER

1 1WN +
2 1_0 +

S I_N +

5 M +
6 I_NO +
7 H ÷
8 1_0 +

9 I_NO÷ +
10 IWO+ ÷
11 1_02 ÷
12 1_02 ÷

H(N20
H(NO

• 3) = 2,25000
10) = 50,00000

TABLE D.2.-----Continued.

(l) Case 12

LEHIS SENSITIVITY AND GENERAL KINETICS PROGRAM

HIGH TEMPERATURE AIR IONIZATION

REACTION

IX02 = I_NO + IWO
1WN2 1WHO + I_N
1NO = I_ND + H
2_0 1w02 + M
1_112 = 2_N

l_O IWNOZ + M
I_NEO 1wN2 + 1wO
I_N20 = I_NZ + I_OZ
I_E = l_tl + lwO
I_E 1_0 + M

I_E = l_OZ- + M
1_0- IXO2- + I_O

NASA LEHIS RESEARCH CENTER

CASE 12

REACTION RATE VARIABLES
A N

6._0000E+09 1.0000

I.BQO00E+I_ 0.000_
6.GOOOOE+I6 -0.5000
S.7OOOOE+13 O.O00D
3.72000E+21 -1.6000
5,OZOOOE÷15 0.0000
6.92000E+Z3 -2.5000

I.O0000E+I_ O,O000
1,_5000E+ZI -1.5000
2.00000E+26 -2,5000
1.52000E+2! -1.0000
6,00000E+12 0,0000

ACTIVATION

ENERGY
6250.00

76250.00
0.00

-1790.00
225000.00

-1160.00

65000.00
280Z0.00

0.00
0.00

1190.00
0.00

ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLONING

M(NE , 6) = 1.55000 M(02 • lO) = _.50000
M(O , lO) = 0.05000 M(N2 , 11) = 0.00002

M(N , 10) = 0.03000

_x INITIAL CONDITIONS w_

TIME O.O0000E÷O0 SEC AREA 1.O0000E+03 SQ CH AXIAL POSITION O.O0000E+O0 CM

FLON PROPERTIES

PRESSURE 1.68030
(ATM)

VELOCITY _7002.00
(CM/SEC)

DENSITY 1.22560E-0_
(G/CM_S)

TEMPERATURE _BZ0.00
(DEG K)

MASS FLON RATE 5.76058E+03
(G/SEC)

ENTROPY 2,S90S
(CAL/G/DEG K)

MACH NUMBER 0.3535

GAMMA 1.2726

ENTHALPY 1.$5_58E÷0_
(CAL/G)

SP. HEAT (CP) 3.ZI$66E-01
(CAL/G/DEG K)

INTEGRATION IHDICATOR$

STEPS FROM LAST PRINT o

AVERAGE STEP SIZE O.000OOE÷O0

METHOD ORDER 0

TOTAL NUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIONS 0

CHEMICAL PROPERTIES

SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION COHV RATE NET RATE/POSI-

(MOLES/CH_$) RATE (HOLE/CM_S/SEC) NUHBER CGS UNITS (MOLE-CM_3/G_XZ/SEC) TIVE DIR RATE
N O.00000E+O0 O.O0000E+O0 8.53190E-06 1 1.6065E_IS O.O0000EtO0 0.00000
OZ 8.900_8E-07 2.09500E-01 -2._175SE-02 2 6.2795E_]0 O.O0000E_O0 0.00000
NO O,O0000E+O0 O.O0000E+O0 O,O0000E+O0 $ 9,21B_E+I_ O.O0000E+O0 0,00000

0 O.O000OE÷O0 O.O0000E+QO _.55027E-02 _ 6,B715E÷13 -1._005E+06 1.OOQO0
N_ 3.35859E-06 7.90500E-QI -3,0_911E-05 5 2,9899E+05 2.85998E+02 1.00000
NO2 O.O0000E+O0 O.O0000E+O0 O.O0000E+O0 6 6._56E+15 O.O0000E+O0 0.00000
N20 O.O00OOE+O0 O.O0000E+O0 3,0_484E-0_ 7 _.B_4_E+)l O.O0000E_O0 0.00000
NOt O.O0000E+O0 O.O0000E÷O0 O.DO000E+O0 8 5.3643E+]2 -Z.O2705E+05 1.00000
E O,O0000E+O0 O.O0000E_O0 _.58522E-07 9 _.$S_IE+[5 O,O0000E+O0 0.00000

O+ O.O0000E+O0 O.OOOOOE+O0 O.OOO00E+O0 IO 1.2_00E+17 O,O0000E÷O0 O.O000O
02- 4.248_4E-15 1.00000E-09 -_.38522E-07 Ii 2.7851E+17 -2.91938E+01 1.00000

0- O.O00OOE+O0 O.OOO00E+O0 O,O0000E+OO 12 6.0000E+_2 O.O0000E+O0 0,00000

DERIVATIVES (CGS UNITS)= T -I,OG460E*05 RHO Z,B9B_SE-05 V -1.]IIS6E+0_

MIXTURE MOLECULAR HEIGHT 26.8_85_ TOTAL ENERGY EXCHANGE RATE 1.75700E+11 MASS FRACTI011 SUM 1.00000000
(CAL-CMx_S/G_Z/SEC)

SPECIES

N

O
1120
O+

SPECIES MOLE NUMBERS (MOLE SPECIES I/G MIXTURE) AND DERIVATIVES (CGS UHITS_ HOLE SPECIES I/G MIXTURE/S OR CM)

SIGMA(I) DSIGHA(I)/OIVAR SPECIES SIGMA(I) DSIGMA(I)/DIVAR SPECIES SIGMA(I) DSIGMA(I)/DIVAR

O.ODO00E+Oq O.14BIIE-05 02 O,7262IE-O2 -O._OZZIE-OZ NO 0.00000E_00 0,00000E*00
0.0DO00E+00 0.75171E-02 N2 0.27_02E-01 -0.52931E-03 HOE 0.00000E_00 0.00000E+00
0.00000E+00 0.52856E-0_ NO÷ 0.00000E+00 0.00000E÷00 E 0.00000E+00 0.76125E-07

0.00000E+00 O.O0000E+00 02- 0.34664E-10 -0.76125E-07 O- 0.00000E+00 0.00000E+00
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TABLE D.2.--Continued.

(1) Continued.

OMEGA(I,J) RATE OF PRODUCTION OF SPECIES I BY REACTION J {MOLE SPECIES I/CC/S)

SPECIES REACTION
Z 2 3 6 5 6
9 I0 n iZ

N O.O0000E+O0 O.OO000E+O0 O.O0000E+O0 O.O0000E÷O0 0._5319E-05 O.O0000E+O0
O.OOQOOE÷O0 Q.OOQOOE+O0 O.OO000E÷O0 O.O0000E÷O0

02 O.O0000E÷OD O.O00OQE+O0 O.O0000E+O0 -O.20129E-Ol Q.O00DOE÷O0 O.O0000E÷O0
O.O0000E+OD O.O0000E+O0 0._3852E-06 O.O0000E+O0

NO O.O0000E+OO O.O0000E+O0 O.O0000E+O0 O.0OOQOE+O0 O.OOO00E+O0 O.DO000E+O0
O.O0000E+O0 0,00000E+00 O.OOO00E+O0 O.OOO00E+O0

0 O.O0000E+O0 O.O0000E+O0 O.O0000E÷O0 0.60258E-01 O.O00QOE÷O0 O.O0000E+O0

0.00000E+00 0.O0000E+00 0.00000E+00 0.00000E+00

H2 O.O0000E_O0 O.OO000E+O0 O.OODOOE+O0 O.O000OE+O0 -O.42659E-O5 O.OOOOOE+O0
0.00000E+00 0.00000E÷00 0.00O00E+00 0.00000E÷00

NO2 O.OO000E+O0 O.O0000E+O0 O.O00QOE+QO O.O0000E+OO O.O0000E÷O0 O.O0000E+O0
O.O0000E+O0 O,OO000E+O0 O.O0000E÷O0 O.O0000E+O0

N20 O.O0000E+O0 O.OO000E+O0 O.O0000E÷O0 O.O0000E+O0 O.O0000E+O0 O.O0000E+O0
O.O0000E+00 0.O0000E+00 0.00000E+00 0.00000E÷00

NO+ O.O0000E+O0 O.O0000E+O0 O.O0000E÷OO O.O0000E+O0 O.OOOOOE÷O0 O.O0000E+O0
O.OOO00E+O0 O.OO000E÷O0 O,OOOOOE÷OO O.OOO00E÷O0

E O.O0000E+O0 O.00000E+O0 O.O0000E+O0 O.OOOOOE÷O0 O.O000OE+O0 O.O0000E*O0
O.O0000E+O0 O.O0000E÷O0 0.43852E-06 O.O0000E+O0

O÷ O.O0000E÷OO O.0OQOOE+OO O.O000OE÷O0 O.O0000E+O0 O.O00ODE+O0 O.00000E÷O0

O.O00OOE+O0 O.O0000E+O0 O.O0000E+O0 O.O0000E+O0

02- O.OOOOOE+OO O.O0000E+O0 O.O0000E+O0 O.O0000E+O0 O.O0000E+O0 O.O0000E+O0
0.00000E÷00 0.00000E÷00 -0.4SBSZE-O6 0.00000E+00

O- O.OOO00E+O0 8.00000E+00 O.O0000E+O0 O.O0000E÷O0 O.O0000E÷OO Q.O000OE÷OO
O.O0000E+O0 O.O0000E+O0 O.O0000E+O0 O.OOOOOE+O0

7 B

0.00000E+00 0.O0000E+00

0.00000E+00 -0.30448E-02

O.O0000E+O0 O.O000QE+O0

0.00000E+00 0.30468E-02

O.O0000E+O0 -0.30_48E-02

O.O0000E+O0 O.O0000E+O0

0.000OOE+00 0.30668E-02

O.O0000E+O0 O.O0000E÷O0

O,O00OOE+O0 0.00000E+00

O.OOOOOE+O0 O.O0000E+QO

O.OOO00E_O0 O.O0000E+O0

O.O0000E+00 0.00000E+00

CPU TIME FOR INITIALIZATION OF LSENS = 0.9_9997 S

TIME 1.59689E-05 SEC AREA 1.O0000E+03 5q CM AXIAL POSITION 7.00000E-O1 CM

FLON PROPERTIES

PRESSURE 1.70904
(ATH)

VELOCITY 41946.49
(CM/SEC)

DENSITY 1.37332E-04
(G/CM_3)

TEHPERATURE 4236.68
(DEG K)

MASS FLOH RATE 5.76058E+03
(6/SEC)

ENTROPY 2.4163
(CAL/G/DEG K)

MACH NUMBER 0.3292

GAMMA 1.2875

ENTHALPY 1.35995E+03
(CAL/G)

SP. NEAT (CP) 3.1BSSIE-OI

(CAL/G/DEG K)

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 4

AVERAGE STEP SIZE 0,50398E-01

METHOD ORDER 6

IDTAL NUMBER OF STEPS 57

FUNCT EVALUATIONS 73

JACOBIAN EVALUATIONS 14

CHEMICAL PROPERTIES

SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION CONV RATE NET RATE/POSI-
(MOLES/CMwWS) RATE (MOLE/CM_S/SEC) NUMBER CGS UNITS (MOLE°CMx_S/GWWZ/SEC) TTVE blR RATE

N L.445_DE-09 2,9415_E-04 -Z._O893E-O5 I 1.2917Et13 2.939_6EI05 0,44160
02 6.72505E-07 1.36862E-01 -9.27740E-03 2 2.I075E+IO Z.Bsg29E+05 0.233_5
NO 3.46095E-07 7,00273E-02 1.08092E-02 3 9.8302E+1_ -6.75873Ee03 0.99355
O 3.05299E-07 6.21318E-02 7.7574_E-03 4 7.0497E+13 -1.86687E÷05 0.99082
N2 3.59017E-06 7.30639E-01 -5.37990E-03 5 1.4649E÷04 1.35292Et01 0,96739

NO2 1.13223E-II Z.SO42IE-06 5.15564E-07 6 6.4498E+15 2.73364E+0I O.O00lt
HI0 2,06908E-10 4.21081E-05 -1.29661E-05 7 2,6338E+II 1.39241E+0_ 0.90071
NO+ 1.56269E-12 3.13954E-07 1.06516E-07 8 3.5914E÷12 -1.32366E+06 0.52390
E 1.53645E-12 3.12686E-07 1.05370E-07 9 5.2544E+15 -5.6_771E+O0 0.89532
O+ 2.74119E~18 5.57863E-13 B.04637E-1_ IO 1.7098E+17 -4.26638E-0_ 0,99979
02- 5.4793_E-15 7.08084E-I0 2.43515E-I0 II 5.I135E+17 6.07560E-02 0,00269

O- 7.51715E-15 1.52983E-09 9.02362E-10 IZ 6.000OE+I2 -6.70443E-02 0.02089

UERIVATIVES (CGS UNITS), T -3.73835E+02 RNO 1.10772E-05 V -3.38343E+05

MIXTURE MOLECULAR tIEIGNT 27.94053 TOTAL ENERGY EXCHANGE RATE 3.68608E+10 MASS FRACTION SUM 1.00000002
(CAL-CMx_3/GxWZ/SEC)

SPECIES

N

D

N20
O_

SPECIES MOLE NUMBERS (MOLE SPECIES I/G MIXTURE) AND DERIVATIVES (CGS UNITSz MOLE SPECIES I/G MIXTURE/S OR CM)

SIGMA(I) DSIGMA(I )/DIVAR SPECIES SIGMA(I) DSIGMA(I)/DIVAR SPECIES SIGMA(I ) OSIGMA(1)/DIVAR

0.10525E-04 -0._1818E-05 02 0._969E-02 -0.16105E-02 NO 0.25056E-02 0.18764E-02

0.22231E-02 0.13_66E-02 112 0.26142E-01 -0.93392E-03 NO2 0.82_45E-07 0.89499E-07
0.15066E-05 -0.22508E-05 NO+ 0.11233E-07 0.18490E-07 E 0.11188E-07 0.18292E-07

0.19960E-13 O.13968E-13 02- 0.23335E-10 0._2273E-10 O- 0.54737E-]0 0.1566_E-09
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SPECIES

N

02

NO

0

H2

f ND2

1,120

NO÷

E

O÷

02-

O-

TABLE D.2.---Continued.

(1) Continued.

OMEGA(I,J) RATE OF PRODUCTION OF SPECIES I BY REACTION J (MOLE SPECIES I/CC/S)

REACTION
1 2 S _ S 6 7 8

9 I0 11 12

-0,55_6E-02 0.53926E-02 0.127_7E-03 O.OOOOOE+00 0.51032E-06 O.O0000E+OO O.OO000E+O0 O.O00OOE+O0
-0.10652E-06 O,O0000E÷O0 O.O0000E+O0 O.O0000E+O0

-0,55_6E-02 O,O0000E_O0 O.O0000E+O0 -0.3_832E-02 O.O0000E_O0 O.O000OE+O0 O.O0000E+O0 -O,Z_96_E-03
O.O0000E+DO O.O0000ESO0 -0,11_59E-08 0.9025_E-09

O,55_6E-OZ 0.55926E-02 -O.lZ7_7E-O$ O.O0000E÷O0 O.O0000E+O0 -0.51556E-06 O.O0000E+O0 O.O0000E÷O0
O.O0000E+O0 O,O0000E÷O0 O.O0000E÷OO O.O0000E÷O0

0.55_6E-02 -0.55926E-02 O.IZ7_7E-OS 0.6966_E-02 O.O0000E+O0 -0.51556E-06 0.26261E-03 0.2_96_E-03
-D.lO65ZE-06 -0.80_6_E-15 O.O000OE÷O0 -0.9025_E-09

O.OO000E+O0 -0.55926E°02 O.O0000E÷O0 O.O0000E÷O0 -0.25516E-06 O.O0000E+O0 O.Z626IE-O$ -0.2_96_E-05
O.OOOOOE+O0 O.O000OE÷O0 O.O000OE÷O0 O.O0000E÷O0

O.O000OE_OD O.OOOOOE+O0 O.O000OE÷O0 O.OOOOOE÷OO O.O0000E÷O0 0.51556E-06 O.O0000E+OO O.O0000E+O0
O.O000DE+O0 O.O0000E_O0 O.O000OE÷O0 O.O000OE÷O0

O,O0000E+O0 O.O0000E÷OO O.O0000E÷O0 O.OO000E÷OO O.OOO00E÷O0 O.OOOOOE+O0 -0.26261E-05 0.2_96_E-03
O.O0000E+O0 O,O0000E+O0 O.O0000E+O0 O.O0000E÷O0

O.O0000E+O0 O.O000DE+O0 O,OO000E÷O0 O.O0000E÷O0 O.OO000E÷O0 O.O0000E÷O0 O,O000OE+O0 O.O0000E÷O0

0.10652E-06 O.O0000E÷O0 O,O0000E÷O0 O.O0000E÷O0

O.O0000E+OD O.OOOQOE+O0 O,OOOOOE÷OO O.O0000E÷O0 O,OOOOOE÷O0 O.OO00OE÷O0 O.OOOOOE+O0 O.OO000E+O0
0,10652E-06 0.80_66E-1_ -0.11659E-08 O,O0000E÷08

O,OOO00E+O0 O,O0000E+O0 O.O0000E*O0 O.O0000E÷O0 O.O0000E_O0 O.O0000E÷O0 O.O0000E+O0 O.O0000E+O0
O.O00OOE+DO 0.80_6_E-15 O.O0000E_O0 O.O0000E+O0

O.OOO00E+DO O.DOOOOE÷O0 O.O0000E÷O0 O.OO000E÷O0 O.O0000E+OO O.O000OE÷O0 O,OOOOOE+O0 O.O0000E+O0
O,O0000E÷O0 O.O0000E÷O0 0,11459E-08 -0.902_E-09

O.O0000E+O0 O.O0000E_O0 O,O0000E÷OO O.OOO00E+O0 O.O0000E÷O0 O,O0000E+O0 O.O0000E+O0 O.O0000E+O0
O,O0000E+OO O,O0000E+O0 O.O0000E+O0 0.9023_E-09

COMPUTER TIME {CPU) REQUIRED, FOR THIS STEP - 5.999SZgE-02 S UP TO THIS TIME - 3.999959E-01 S

TIME 1.59_89E-05 SIC AXIAL POSITION 7.OO000E-01 CM

REACTION IMPORTANCE FOR SPECIES FORMATION AND RATES

SPECIES (I)
REACTION NUMBER (J)

OMEGA(I,J) RATE OF PRODUCTION OF SPECIES I BY REACTION J (MOLE/CMw_3/S)

1 2 S 5 9

-5. 545E-03 5,593E-0 z; 1.275E-0_ 5.105E-07 -1.065E-07

O2
l _ _ ll 12

-5.5_5E-03 -3._83E-05 -2._96E-0_ -1.1_6E-09 9.0ZSE-IO

NO
1 2 S 6

5.5_5E-05 5.595E-05 -1.275E-0_ -5.156E-07

l 2 7 a 3 6 9 12 lO

6.966E-0S 5.5_5E-05 -5.395E-05 2,626E-0_ 2._96E-OQ 1.275E-0_ -5.156E-07 -1.065E-07 -9.02SE-10 -8.0_6E-1_

NZ

NO2

2 7 _ 5

-5.39SE-03 2.626E-0_ -2,¢96E-0_ -2.552E-07

6

5.156E-07
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TABLE D.2.--Continued.

(l) Concluded.

N2O

liD+

0+

02-

O-

7 Z

-2.626E-0_ 2._96E-0_

9

1.065E-D7

9 II io

1.065E-07 -1.1_6E-09 8.0_6E-1_

10

8.0_6E-1_

II 12

1.1_6E-09 -9,023E-1D

12

9.023E-10

CLSENS) END OF THIS CASE

SUMMARY OF COMPUTATIONAL NORK REQUIRED FOR PROBLEM_

TOTAL NO. OF STEPS - 57
TOTAL NO. OF DERIVATIVE EVALUATIONS - 73
TOTAL NO. OF JACOBIAH EVALUATIONS - l_
TOTAL CPU TIME - 0,39999_ 5

TOTAL CPU TIME CINCLUDINQ I/O) REQUIRED = 1,91OOO_ 5

(LSEHS) READ DATA FOR NEXT CASE
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TABLE D.2.--Continued.

(m) Case 13

W_ DATA LINES xx

1 2 3 Q 5 6 7 8
CC _2_45_789_2_56789_1_5_89_2_45_78_2_56789_2_4_6789_234_6789_2_6789_

LSENS HIGH PRESSURE HYDROGEN - CARBON MONOXIDE REACTION CASE 13
NEN

CH5 + OH = CHSO + H 6.3E+12 O. O.
M + CHSO CH20 + H 5.OE+I3 O. 21000.
CHSO + H = CH20 + H2 2,0E+13 O. O.
CH3 + |lCO CH4 + CO 3.OE+ll .5 O.
CH5 + HO2 = CHSO ÷ OH 2.0E+13 O. O.
M CH_ CH3 ÷ H 2.0E_17 O. 88000.
H + CH4 = CN3 * H2 1.26E+lq O. 11900.

OH + CH4 CH3 + HI0 _.5E+I3 O. 5010.
CH20 + H = HCO + H2 2.5E+15 O. 3990.
CH20 + OH HCO + H20 3.0E+13 O. 1200.
M + CH20 H + HCO 5.0E+16 0. 81000.
NCO + H CO + H2 2.0E+13 O, O.
HCO ÷ OH = CO + HI0 3.0E+13 O. O.
H + HCO H ÷ CO 2.9E+l_ O, 15570.
CO + OH = COZ + H 4.17E+11 0.0 1000.
CO + HO2 -- CO2 + OH 5.75E_13 O. 22930.

H + H02 :2.00H 1.3_E+14 O, 1070.
H2 + HO2 H202 + H 7,91E+L3 O. 25000.
OH + H202 -- HI0 + H02 6.1E÷12 O. 1430.
M ÷ H202 =2.00H 1._E+17 O. 45510.
THIRDBODY

H2 2.30 H202 6.6 H20 6.0 END

H2 + OH = H20 + H 4.74E+13 O. 609&.
M ÷ H20 = H + OH 1.30EtlS 0. lOS140.
THIRDBODY

H2 4.00 C02 4.0 H20 20.0 END
M ÷ H2 H + H 2.2E+14 O. 96000.
THIRDBODY

H2 4.10 H20 15.0 END

- BLANK LINE -
END

TIME
&prob prlnt=l.O,L.E+6,l.E+B,l.E+9, combus=.true.,

rhocon=.trua.p _con=.Erue., 8end
&sCarf ¢=1000.0, p=LO0.O, &end

H2 0.99

CO 0.01
END

&solver emax=l.OE-5, atolsp=l.OE-12, &end
FINIS

x_ EQUILIORIUM CALCULATION _x

THERMODYNAMIC EQUILIBRIUM PROPERTIES AT ASSIGNED TEMPERATURE AND DENSITY

INITIAL STATE FINAL STATE

PRESSURE 100.0000 90.0001
(ATM)

VELOCITY 0.00 0.00
(CM/SEC)

DENSITY 2.77301E-05 2.77341E-03

TEMPERATURE 1000.00 XO00.O0
(DIG K)

ENTHALPY 2057.01543 1820.27039
(CAL/G)

INTERNAL ENERGY 1183.82056 964.54108
(CAL/G)

SP, HEAT (CP) 3.17527 3.16527
(CAL/G/DEG K)

EIITROPY 13.5445 13._256
(CAL/G/DEG K)

MACH NUMBER 0.0000 0.0000

GAMMA 1.3795 1.$705

SONIC VELOCITY 22_;81.86 221517.92
(CM/SEC)

MIXTURE MOLECULAR NEIGHI

D(LOG VOLUME)/D(LOG T)
AT CONSTANT P

D(LOO VOLUHE)/D(LOG P)
AT CONSTANT T

FINAL/INITIAL RATIO

0.9800

1.OOO0

1.0000

1.0000

0.88491

0.81_77

0.99685

0.9912

1,0000

0.9936

0.9868

SPECIES MOLE FRACTION
CN5 2.32219E-]1
OH 2.32219E-11

CH30 2.322]9E-11
H 2.S2219E-11
CH20 2.$2219E-]1
H2 9,79592E-01
HCO 2.32219E-11
CH4 1.02038E-02

CO 2.86966E-07
HO2 2.32219E-II
H2O 1.02038E-02
C02 2,32219E-11
H202 2.$2219E-]1

2.32219

1.0000

-1.0000

COMPUTATIOHAL HORK REQUIRED FOR EQUILIBRIUM CALCULATION_

NO. OF ITERATIONS = ll CPU TIME : 2.000427E-02 S
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TABLE D.2.--Continued.

(m) Continued.

LEHIS SENSITIVITY AND GENERAL KINETICS PROGRAM NASA LENIS RESEARCH CENTER

REACTION
NUMBER

i
2
S
A
5
6
7

B
9

10
ll
lZ
IS
14
IS
16

17
18
19
20
Z1
Z2
ZS

I_CHS
M

IWCH30
IKCH3
I_CH3

M
IWH
I_OH

I_CHZO
IWCHZO

M
I_HCO
IWHCO

M
l_CO
IxCO

inn
I_H2
l_OH

H
IWH2

M
M

LSERS HIGH PRESSURE HYDROGEN - CARBON MONOXIDE REACTION CASE 15

REACTION REACTION RATE VARIABLES
A N ACTIVATION

ENERGY
+ I_OH = I_CH30 + I_H 6.3000DE÷lZ 0.0000 O.O0
+ I_CHSO I_CH20 + I_H 5.000ODE+IS 0.0000 21000.00
+ I_H l_CH20 + I_H2 2.00000E+15 0.0000 O.O0
+ 1WHCO = 1wCH4 + 1_C0 3.OOOOOE÷ll 0.5000 0.00

+ 1WHO2 I_CHSO + I_OH 2.00OOOE÷IS 0.0000 0.00
+ IwCN4 I_CH3 + I_H 2.00000E+17 0.0000 BBO00.O0
÷ 1wCN4 LWCHS + I_H2 1.26000E÷L4 0.0000 11900.00
+ ZWCH4 = I_CNS + l_N20 Z.500OOE+13 0.0000 5010.00
+ 1WH I_HCO ÷ l_NZ 2.50000E÷13 O.OOO0 3990.00
+ 1wON l_NCO + l_N20 S.O0000E÷IS O.OOO0 IZO0.O0
÷ I_CNZO = I_H ÷ I_NCO 5.00000E+16 O.OOO0 81000.00

+ I_H 1XCO + 1_H2 2.00000E+lS 0.0000 O.O0
÷ 1WOH = I_CO ÷ 1_H20 3.00000E+IS 0.0000 0.00
÷ I_HCO I_H ÷ lXCO 2.90000E+14 O.OOO0 15570.00
÷ 1WOH I_COZ ÷ I_H 4.17000E+11 0.0000 1000.00
÷ 1WHOZ 1_C02 + I_ON 5.75000E+15 0.0000 ZZD$O.O0
÷ 1XH02 2_ON 1.S400OE+14 O.O0O0 1070.00
÷ 1XHOZ = I_HB02 + I_H ?,91000E+13 O,O000 25000.00
÷ IWH20Z I_H20 +' I_H02 6.1OOOOE+I2 O.O000 1430.00

÷ 1_N202 = 2_OH 1.44000E+17 0.0000 45510.00
÷ L_OH IWHZG + I_H 4.74000E+13 O.OOO0 6098.00
÷ I_H20 = I_H + 2NOH L.30000E+15 0.0000 205140.00
÷ I_HZ Z_H 2.20000E+14 0.0000 96000.00

ALL THIRD BODY RATIOS ARE I.O EXCEPT THE FOLLONING

M(N2
M(COZ

• 20) = 2.30000
, 22) = 4.00000

M(H20Z , 20) = 6.60000 MCH20 , 20) = 6.00000 M(H2 , 22) = 4.00000
H(HZO , 22) = ZO.O0000 M(H2 , 23) = 4.10000 M(N20 , 23) = 15.00000

TIME O.O0000E÷00 SEC

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY

(CM/SEC)
DENSITY

TEMPERATURE
(DEG K)

MASS FLON RATE
(G/SEC)

ENTROPY

(CAL/G/OEG K)
MACH NUMBER

GAMMA

ENTHALPY
(CAL/G)

SP. HEAT (CP)

(CAL/G/DEG K}

ww INITIAL CONDITIONS Ww

AREA O,000O0E+00 SQ CM

100.00000

0.O0

Z.77341E-OS

1000.00

O.O0000E÷OO

13,54A3

0.0000

1.3793

2.05701E÷03

3.17527E+00

AXIAL POSITION 0.0OO00E÷0O CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE 0,0000DE+00

METHOD ORDER o

TOTAL NUMBER OF STEPS o

FUNCT EVALUATIONS o

JACOBIAN EVALUATIONS O

SPECIES CONCENTRATION MOLE FRACTION
IMOLES/CM_WS)

CH3 O.OO00OE+OO 0.O00OOE÷OD
OH O.OOOOQE+O0 O.O0000E{O0
CHSO O.OOO00E÷O0 O.O000OE+00

H 0.O00DOE+O0 O.O00OOEtOO
CHZO O.OOOOOE÷O0 O.OOOOOE÷O0
H2 3.20649E-03 9.90000E-01
tlCO 0.0000OE+00 0.0O000E÷00

OH4 0.O00OOE÷00 O.OOOOOE÷OO
CO L.ZIB6_E-05 I.OOOOOE-02
HO2 0,00000E÷00 D.O000OE÷O0
HID O.O0000E+OO O,O0000E+OO

C02 0.O00OOE÷OO 0.00000E+OO
N202 0.0000BE÷B0 0.00000E+OO

DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR HEIGHT

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CM_3/SEC) HUMBER

0.00OO0E+OO 1
O.00000E_00 Z

O.OOO00E+00 S
2.79263E-12 4
O.OOOOOE÷O0 5

-1.41686E-12 6
4.10895E-1_ 7
O.OOOOOE÷O0 B

-4.10895E-14 9
0.00000E+00 10

O.O0000E÷O0 lI
O.O0000E+00 12
O.OOOOOE+00 13

14
15

16
17
LB
19
20

Z1
22
23

RATE CONST NEE REACTION CONV RATE NET RATE/POSI-

CGS UNITS (MOLE-CM_S/G_2/SEC) TIVE DIR RATE
6.$000E÷12 O.O0000E÷O0 O.O000O
1.2865E+09 O.O0000E+OB 0.00000
2.0000E+13 O.O0000EGO0 0.00000

9.4868E+I2 O.O0000E÷O0 O.O000O
2.00OOE+IB O.O0000E÷O0 O.OOO00
1.1?12E-D2 O.O0000E÷O0 0.00000
3.1596E+11 O.OO00OE÷OO O.O00OO
2.0091E+12 O.O000BE÷O0 0.00000

3.356BE÷12 O.O00OOE÷OO O.O0000
1.6qOIE+13 O.O0000E÷OO 0.00000
9.91BSE-02 O.O00OBE÷O0 0.00000

Z.OO00E+t3 -5.34200E-09 1.00000
3.0000E+15 0.00000E+00 0.00000
1.1q70E÷l] 0.O0000E÷00 0.O00Q0
Z.5211E_tl 0.O0000E+00 O.O0000
5,6017E÷OB 0,00000E+O0 0.O0O00
7._209E+13 O.OO000E÷O0 0.00000
2.TI91E+OB 0.O0000E+00 0.00000

2.9703E_2 0.00000E÷0O 0.00000
1.6299E÷07 0.00Q00E÷0O 0.O00O0
2.2032E÷12 0,00000E+00 0.O00O0
1.3665E-OB 0.O0000E_00 0.00000
2.2996E-07 1.7886ZE-07 I.O0000

O.O00O0E÷O0 RHO 0.0000BE÷B0

2.27575 TOTAL ENERGY EXCHANGE RATE 1.91134E-02
(CAL-CM_S/G_2/SEC)

MASS FRACTION SUM 1.00000000

CPU TIME FOR INITIALIZATION OF LSENS = 1.049988 S
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TIME 1.00000E+09 SEC

FLOH PROPERTIES

PRESSURE 9B.00324
(ATM)

VELOCITY O.O0
(CM/SEC)

DENSITY 2.77341E-05

TEMPERATURE IOOO.O0
(DEG K)

MASS FLOH RATE O.OOOOOE+O0
(G/SEC)

ENTROPY 13.4Z59
(CAL/G/OEG K)

MACH NUMBER 0,0000

GAMMA 1.5706

ENTHALPY 1.82065E+03
(CAL/G)

SP. HEAT (cP) 3.16510E÷00
(CAL/G/DEG K)

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CM_3)

CH3 5.61735E-I_ 4.70329E-II
Ofl 6._5768E-10 5.40687E-15
CHSO 2.45959E-2I 2.05936E-18
H 2.69224E-13 2.25416E-10

CHZO 2.54826E-12 2.13360E-09
H2 1,]6999E-03 9.79609E-01
HCO 1.17880E-17 9.86985E-15

CH_ I.Z1671E-05 1.01872E-02
CO 1.9_159E-08 1.62565E-05
HOE S.SISI6E-31 Z,94517E-20
HI0 1.21668E-05 1,01870E-02
C02 2.91174E-10 Z.43794E-07
H202 3.25150E-26 2,TZZqIE-Z3

DERIVATIVES (CG5 URITS)J T

MIXTURE MOLECULAR HEIGHT Z.3ZZII

TABLE D.2.---Continued.

(m) Concluded.

AREA O.O0000E÷O0 SQ CM AXIAL POSITION O.O000OE+OO CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 32

AVERAGE STEP SIZE O,Z8531E+O&

METHOD ORDER

TOTAL NUMBER OF STEPS 122

FUNCT EVALUATIONS 161

JACOBIAN EVALUATIONS 30

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CMXWS/SEC) NUMBER

-2.46945E-13 I
-_.00¢_8E-15 2

6.16723E-19 S
-1,1863_E-14 4

-3.30179E-16 5
-2,51061E-13 6

2.62903E-13 7

2.47068E-13 8
-2.62672E-13 9
-6.64869E-32 I0

4.15303E-15 II
-2,506_E-17 12

1.45246E-27 15

14
15
16
17
18
19

20
21
22

23

RATE CDNST NET REACTION CONV RATE NET RATE/POSI-
CGS UNITS (MOLE-CMX_3/G_wZ/SEC) TIVE DIR RATE
6,SO00E+12 -I,60552E-11 0.98|83
1.2865E+00 -1.61333E-11 0,03179

2.0000E+13 -5.65353E-17 0.03179
9.4868E+12 -1.33068E-16 0.00016
2.0000E+13 -2.77355E-24 0.98182
1.1712E-02 5.80922E-12 0.00000
3.1596E+II -3.21271E-00 0.00000
2.0091E+12 2.17912E-15 0.00000

3.3568E+12 2.67861E-11 0,00009
1.6401E+13 3.14786E-15 0.00009
9.9183E-02 3.53072E-15 0.00009
2.000QE+13 -I.3_648E-15 0.000Z6

3.0000E+13 -_.8_715E-20 0.00016
I.I_70E+ll -3._1529E-08 0.00016
2,S211E+ll -3.25859E-12 0,00079
5.6017E+08 -2.99657E-28 0.00060
7.0209E+13 1.827_0E-28 0,00019

2.7191E+08 2.78229E-E4 0.00019
2.9703E+12 -1.54997E-29 0.00019
1.6299E+07 -1,83_50E-22 O.OOOO0
2,2032E+12 5,39709E-10 0.00000
1.3665E-08 2.68750E-17 0.00000

2.2996E-07 8.75260E-16 0.00000

O.O0000E+00 RHO O,O0000E+00

TOTAL ENERGY EXCHANGE RATE -5.5020ZE-04 MASS FRACTION SUM 1.00000000

(CAL-CMww3/GM_2/SEC)

COMPUTER TIME (CPU) REQUIRED_ FOR THIS STEP - 1._99939E-01 S UP TO THIS TIME - 6.199951E-01 S

(LSENS) ENO OF THIS CASE

SUMIdARY OF COMPUTATIONAL HORK REQUIRED FOR PROBLEM=

TOTAL NO, OF STEPS - 122
TOTAL NO. OF DERIVATIVE EVALUATIONS - 161
TOTAL NO, OF JACOBIAM EVALUATIONS - 30
TOTAL CPU TIME - 0.619995 S

+

(LSEHS)

TOTAL CPU TIME (INCLUDING I/O) REQUIRED =

READ DATA FOR NEXT CASE

Z,OB9996 S
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TABLE D.2.--Continued.

In) Case 14

W_ DATA LINES _

1 2 5 4 S 6 7 8
_2_4_6789_234_6789_34_678_36_6789_2_6789_36_6789_2_67890_36_6789_

r

LSENS HYDROGEN - OXYGEN LON TEMPERATURE PHOTOLYTIC IGNITION
MEN

0 + H20 = OH + OH 6.0E+15 O.
H + 02 OH + G 1.89E+14 0.
0 + H2 = OH + H 4.20E+14 O.
H + HO2 HZ + 02 7.28E+15 O.
0 + HO2 ON + 02 5.0E+15 O.
NOZ ÷ OH - HI0 + 02 B.OE+I2
H + HO2 _2.00H I.S_E+I4 O.
H2 + H02 = H202 + H 7.91E+IS O.

OH + H202 = HI0 + HO2 6.IE+I2 0.
HO2 ÷ H02 H202 + 02 1.8E+12 O.
H + H202 OH + H20 7.8E+11 O.
M + N202 = OH + OH 1.4_E+L7 O.

THIRDUODY
H2 2.30 02 .78 HI0 6.0 H202
END

HZ + OH = HI0 + H 4.74E+15 O.
II + 02 1102 + M 1.66Et15 B.
TNIRDUODY

OZ 1.50 H2 3.0 HI0 21.5 END
M + HI0 H +' OH 1.30E+15 O.

THIRDBODY
H2 4,00 02 1.5 HI0 20.0 END

H + 0 = OH + M 7.LE+18 -1.
M + H2 H + H 2.2E+1_ O.
TNIRDUODY

H2 4.10 G2 2.0 HZO 15.0 END
M • OZ -- 0 + O 1.80E+IB -1.
HNU + H2 >2.ON .005 0.

NNU + U2 >2.00 .005 O.
BLANK LINE -

END

TIME
&prob rhocon:.true., iprint=|OOt combus=._rue., end=l.O175a
8start t=700.O, p=2.O, &end

H2 0.667
02 0.553
END

&solver emax=l. OE-6, atolsp=l.OE-11, &end
FINIS

&end

CASE I_

18565.
16400.
I5750.
2126.
1000.
O.
1070.

25000.
1¢,50.

0.

0.
45510.

6.6

6098 .
-1000.

105140.

O.
96000.

118020.
O.

0.

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DEHSITY
(G/CMwWS)

TEMPERATURE
(BEG K)

ENTHALPY
(CAL/G)

INTERNAL ENERGY
(CAL/GI

SP. HEAT ICP)
(CAL/G/DEG K)

ENTROPY
(CALIG/DEG K)

MACH NUMBER

GAMMA

SONIC VELOCITY
(CH/SEC)

MIXTURE MOLECULAR HEIGHT

D(LOG VULUME)/D(LOG T)
AT CONSTANT P

D(LOG VOLUME)/B(LOG P)
AT CONSTANT T

_W EQUILIBRIUM CALCULATION wx

THERMODYNAMIC EQUILIBRIUM COMBUSTION PROPERTIES AT ASSIGNED INTERNAL ENERGY AND DENSITY

INITIAL STATE

Z.0000

0.00

_.17858E-0_

700.00

258.98650

123.06985

0,60975

5.5907

0.0000

1.5728

81597.60

FIHAL STATE FINAL/INITIAL RATIO

8._155 4,2068

0.00 1.0000

6.17838E-04 1.0000

5526.95 S.OBBS

610.70557 2,55559

125,07077 L.00001

A.5_787 7.15058

6.25_9 1.1850

0.0000 1.0000

1.0528 0.7525

151_75.22 1.856_

SPECIES MOLE FRACTIGN
G 4.05565E-02

,H20 5.25165E-01
OH 1.55129E-01
H 8.74128E-02

G2 5.02276E-02
N2 1.6553_E-01
H02 1.85076E-0_
H202 1.085_9E-05

14.57269

2._895

-1.0865

COMPUTATIONAL HORK REQUIRED FOR EQUILIBRIUM CALCULATION:
N0. OF ITERATIONS = 7 CPU TIME = 9.994507E-03 S
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TIME O.O0000E÷O0

FLOM PROPERTIES

PRESSURE
(ATM)

VELOCITY
(cr'vSEC)

DENSITY
(G/CMxW$)

TEMPERATURE
(DEG K)

MASS FLOH RATE
{G/SEG)

ENTROPY
(CAL/G/DEG K)

HACH NUMBER

GAMMA

ENTNALPY
(CAL/O)

SP. HEAT (CP)
(CAL/G/DEG K)

SEC

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CHiNS)

_20 O,OO000E+O0 O.OOOOOE÷BOO.OO00OE+O0 O.OOOOOE÷00
OH O.OOOOOE+O0 0.00000E.00
H O.O0000E*O0 O.0OOOOE*O0
02 1,15949E-05 _.SSOOOE-01
H2 2.32296E-05 6,67000E-01
NOZ O.00000E+OO O.OO000E+O0
H202 O.OOOOOE÷O0 O.0OOOOE÷OO

OERIVATIVES (CGS UNITS)_ T

MIXTURE MOLECULAR HEIGHT

TABLE D.2.--Continued.

(n) Continued.

_X IHITIAL COHDITIONS WW

AREA O.OOO00E+OO SQ CM

Z.O0000

0.00

4,17838E-0_

700.00

O.O00BOE*O0

5.5907

0.0000

1.3720

Z.SD9B6E+OZ

6.09751E-01

CHEMICAL PROPERTIES

AXIAL POSITION O.O0000E+O0 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O.OO00OE+O0

METHOD ORDER 0

TOTAL NUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIONS 0

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CM_NS/SEC) NUMBER

1.15949E-07 1
O.O00OOE+O0 2
O.OOO00E+OO 3
1.39348E-07 4

-5.79748E-08 5
-6.967_IE-0& 6

4.0474SE-13 7
O.O0000E+O0 0

9
10
1I
IZ
1S
lq
15
16
17
18
19
ZO

RATE CONST NET REACTION CONY RATE NET RATE/POSI-
COS UNITS (MOLE-CMX_S/GN_Z/SEC) TIVE OIR RATE

I,Z552E_08 O.00000E+O0 0.00000
1.4327E+09 O.O0000E÷OO 0.00000
2.1395E+10 O.OOBOOE+O0 O.O0000
1.5789E+13 -2.31827E-06 I,OOOOO
2.4364E+13 O.O0000E+O0 O.OOOO0
B,O000E*I2 O.OOO00E+OO O.OOQO0
6.2092E+I3 O.OO00OE+O0 0.00000

1.2383E+06 O.O00OOE+O0 O.OOOOO
2.1820E+IZ O.O0000E+OO O.OOOO0
1.8000E*IZ O.O00OOE+00 O,O000O
7,800OE+II O.O0000E+O0 0.00000
8.9023E+02 O.OOOOOE+O0 O.O000O
5.9IA2E+II O.O0000E+OO O.OOOOO
2.9962E+15 O.O0000E*O0 O.OOOO0
1.9398E-18 0.00000E+00 0.00000
I.OI4SE+16 O.OO00OE+OO 0.00000
2.3436E-16 3.69149E-18 1.00000
3.6533E-2Z 8.44797E-25 I.O0000
3.00OOE-OS 3.9907_E-01 l.O000O
5.000BE-03 3.32063E-01 I.O000O

-7.61641E+01 RNO O.O00OOE÷OO

12.00016 TOTAL ENERGY EXCHANGE RATE B.11371E÷04
(CAL-CM_S/Gw_2/SEC)

CPU TIME FOR INITIALIZATION OF LSENS =

TIME 1,01636E_00 SEC

FLON PROPERTIES

PRESSURE 2.69601
(ATM)

VELOCITY 0.00
(CM/SEC)

DENSITY 4.IIBSDE_OA

TEMPERATURE 956.82
(BEG K)

MASS FION RATE O.OOOOOE_O0
(G/SEC)

ENTROPY 3.7255
(CAL/G/DEG K)

MACH HUMBER 0.0000

GAMMA 1.3529

ENTHALPY Z.79326E÷02
(CAL/G)

SP. HEAT (CP) 6.26068E-0L
(CAL/G/DEG K)

MASS FRACTION SUM 1.00000000

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CHiN3)

0 1.62898E-IZ 4.74388E-08
HZO 7.91009E-07 2,30355E-02
OH 2.51101E-IZ 7.31248E-08
H 2.96556E-11 &,63625E-07
D2 1.IlIl7E-O5 3.23593E-01
H2 2.23482E-05 6.50819E-01
NOZ 4.63275E-09 1.$4914E-04
NZO2 D.29927E-O8 Z.41689E-OS

0.9_9997 S

AREA O.O000OE+O0 SQ CN AXIAL POSITION O,O0000E+OO CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 100

AVERAGE STEP SIZE O.51403E-Q2

METHOD ORDER 4

TOTAL NUMBER OF SFEPS 200

FUNCT EOALUAIIONS 295

JACOBIAN EVALUATIONS 36

DERIVATIVES (COS UHITS)s T

MIXTURE MOLECULAR HEIGHT 12.16816

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION CONV RATE NET RATE/POSI-
RATE (MOLE/CH_K$/SEC) NUMBER COS UNITS (MOLE-CMK_S/GK_2/SEC) TIVE DIR RATE

I._Z767E-09 I 4.3A20E_09 3,19301E-02 0.99639
I.IOIB1E-04 Z _.3922E+10 6.402_7E+01 I.O00OO

1.70843E-09 S 3,0378E*11 6.53436E+01 1.00000
Z.47190E-OS 4 2.3797E+13 1.86430E+01 0.99555

-4.94514E-05 5 2.9550E+13 1.27731E+00 1.00000
-1.03666E-0_ 6 O.OOOOE+12 5.330_0E-01 1.00000

1.77515E~06 7 7.6331E*13 6.00665E+01 1.00000
-7._1585E-06 8 1.5411E+OO -6.74639E+01 0.42_69

9 2.875_E+12 3,43084E+00 0,99961
lO I.BOOOE+12 2.19563E+02 0.99226
II 7.0000E+11 1.09958E+01 1.00000
12 5.7976E_06 1.80149E*02 1.00000
13 1.9183E+12 6,16155E+02 0.99932

16 2,_704E+15 4,58919E+BZ 0.99997
15 1.2546E-09 -6.89258E-03 1.OOO00
16 7._ZOSE+15 7.05052E-05 1.00000
17 2.5984E-08 -2.83597E-03 1,00000
1B 2.0731E-12 -5._1356E-00 I.OOO00
19 3,OOOOE-O$ $,84015E-01 1.00000

ZO 5.0000E-05 3.18227E-01 1,O000O

3.19339E+0_ RHO O.OOOOOE+OO

TOTAL ENERGY EXCHANGE RATE -3.50769E+07
(CAL-CM_S/GxW2/SEC)

MASS FRACTION SUM l,OOO0000I

COMPUTER TIME (CPU) REQUIRED_ FOR THIS STEP - 6.699982E-01 S UP TO THIS TIME - 1.240005E+00 S



TIME1.01?SOE+O0 SEC

FLOH PROPERTIES

PRESSURE
{AIM)

VELOCITY
(CM/SEC)

DENSITY

(G/CM_S)
TEMPERATURE
(DEG K)

MASS FLON RATE
(G/SEC)

ENTROPY
(CAL/G/OEG K)

NACH HUMBER

GAMMA

ENTHALPY
(CAL/G)

SP. HEAT (CP)
(CAL/G/DEG K)

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CM_5)

0 1.1BS_OE-11 3,4631LE-07
H20 1.03350E-06 3.01934E-02
OH 1,65441E-11 4.83352E-07
H 1.99828E-10 5.8379LE-06

OZ 1.09995E-05 3.21347E-01
H2 2.21176E-05 6.46157E-01
H02 1.04092E-OB 3.04102E-04
H202 6.S1766E-0B 1.99175E-03

DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR HEIGHT 12.20699

TABLE D.2.--Continued.

(n) Concluded.

2.88438

0.00

4.17838E-04

1026.93

0.000OOE+00

3.7533

0.0000

1.3477

2.90243E+02

6.30997E-01

AREA O.O0000E÷O0 SQ CM AXIAL POSITION O.O0000E÷O0 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 32

AVERAGE STEP SIZE 0.29456E-04

METHOD ORDER 4

TOTAL NUMBER OF STEPS 232

FUNCT EVALUATIOtlS 349

JACOBIAII EVALUATIONS 41

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CMW_3/SEC) NUMBER

9.14943E-08 1
8.87724E-04 2

1.45325E-07 3
1,47962E-06 4

-4.19885E-04 5
-8,49624E-04 6

2.96330E-05 7
-5.37281E-05 8

9
10
11
12

13
14
15
16

17
18
19
20

RATE CONST NET REACTION CONY RATE NET RATE/POSI-
CGS UNITS (MOLE-CM_S/G_W2/SEC) TIVE DIR RATE

B.S967E+09 5.83952E-01 0.99108
6.IIZ9E+IO 7.69581E÷02 0.99998
_.9774E+11 7.47452Et02 0.99999
2,5605E+13 3,05426E102 0.99800
3,0630E÷13 2,164B1E+01 l,OOOO0

0.0000E+12 7.B9108E+00 1.00000
7.9321E÷13 9.45039E+02 I.O0000
3,7821E+00 -5.72629E÷02 0,53449
3.0269E+12 1.95408E+01 0.99926

1.8000E+12 1.11250E÷03 0.99588
7.8000E+ll 6.08654E+01 1.00oo0
2.9718E÷07 7.67210E_02 1.00000
2,3879E+12 4,99676E+03 0.99E_I

2.3833E÷15 3.08257E+03 0.99993
5.4735E-08 -1.88330E-01 1.00000
6.913BE÷15 3.2t086E-03 1.00000
D,E639E-07 -9,7646_E-02 1.00000

1,3595E-10 -2.58887E-06 1,00000
S.OOOOE-03 3.80052E-01 1.00000
5.0000E-03 3.15013E-01 1.00000

2.55051E+05 RHO O.O0000E÷O0

TOTAL ENERGY EXCHANGE RATE -2.83276E+08
(CAL-CM_3/GK_2/SEC)

MASS FRACTION SUM l.O000000L

COMPUTER TIME (CPU) REQUIRED, FOR THIS STEP - 2.2000IZE-O1 S UP TO THIS TIME - 1.q60007E÷O0 S

(LSENS) END OF THIS CASE

SUMMARY OF COMPUTATIONAL NORK REQUIRED FOR PROBLEM,

TOTAL NO. OF STEPS - 232
TOTAL NO. OF DERIVATIVE EVALUATIONS - 349
TOTAL NO. OF JACOBIAN EVALUATIONS - 42
TOTAL CPU TIME - 1.460007 S

TOTAL CPU TIME (INCLUDING I/0) REQUIRED = 2.680008 S

(LSENS) READ DATA FOR NEXT CASE

85



=_

++++++++÷÷+++ ÷++++÷++++÷+÷+÷++÷ ÷÷÷++++÷++++++++++ + ÷+++÷+÷+ ÷+÷÷+÷÷÷÷÷+++++++++÷+++++++++++++ ++++++++

ii ii ii It II II II II ;I II II II II II ,I II II II II II II II II II II II II II II II II II II II II II II II II II II II II I, II It n ii ii Ii II II ii ii I, Ii ii ii ii ii If Ii II II n II II It II n II II II II II l' I' II n II II l, II I, II II II I, II I, II II II II II II II II I_ II II II I, II

>

=.
==
p-



105 IXCN ¢

106 l_H2 +
107 l_lINCO ÷
lOB I_CN ¢

109 lUCN +
110 1_0

IIi I_N +
112 l_H ¢
113 ItCH +
114 I_CH +
115 1KNH +

116 l_HO2 +
117 l_O +
118 I_NO +
119 IMII02 +
120 IXNO ¢
121 IxNO +
122 I_0 +

123 fin +
124 M +
125 I_0 +
126 INO +
127 l_N20 +
128 IWN02 +
129 IxOH +
130 I_OH +
131 I_HNO +
132 l_H +

133 I_HNO +

TABLE D.2.--Continued.

(o) Continued.

I_OH = lXNCO + I_H

I_NCO ItHNCO + lXH
]_H = lxlllt2 + I_CO
1_02 = I_NCO + l_O

1_C02 = ]xlICO + lwCO
lXNCO = IKNO + 1xCO

I_NCO = I_N2 + I_CO
1WliCO ]WNH + I_CO

1_110 = I_N + I_HCO
lXNO 1_0 + llHCH
ltOH = 1iN + liH20
I_NO l_NO2 + lnOH
lnNO2 = I_NO + lnO2
InO = I_NO2 + M
lnH lnNO + lnOH
InN I_N + inOH
lnO InN + InO2

lnN2 = InNO + InN
I_N02 2WNO
I_N20 lnN2 + lnO
I_N20 = 1WN2 + 1n02
l_tl20 = 21NO
InN 1_112 + lnOH
1nil2 l_HNO2 + InN
lnNO2 lnHNO3 + M

I_NO l_HNO2 + M
InN = l_H2 + l_NO
InNO I_HNO + M
InOH ZnH20 + I_NO

M(H2 , 93) = 2.30000 M(OZ
M[02 , 95) = 1.30000 M(N2
M(H2 , 96) = 4.00000 H(O2
H(C02 , 96) = 4.00000 M(H2
M(N2 , 9B) = 2.00000 H(02

2.50000E,14 0.0000 6000.00
1.O0000E+14 0.0000 9000.00
l.O0000Ee14 0.0000 8500.00

3.20000E÷13 0.0000 1000.00
3.70000Ei12 0.0000 0.00
2.00000E,13 0.0000 0.00

I.O000OE+13 O.OOO0 O.OO
2.00000Et13 O.OOOO 0.00

1,60000E+13 0.0000 9940.00
2.00000E+12 O.OOO0 0.00
5.00000E+II 0.5000 2000.00
2.09000E+12 0.0000 -477.00
I.O0000E+I3 0.0000 596,00
5.62000E+15 O.O000 -1160.00
3.47000E*14 0.0000 1_70.00
2,63000E+14 0,0000 50410.00

3.BOOOOE+O9 1,0000 41370.00
1.80000E_14 0.0000 76250.00
4.00000E+12 0.0000 0.00
6.92000E+23 -2.5000 65000.00
I.O0000E+I4 0.0000 28020.00

6.92000E+13 0.0000 26630.00
7.59000E¢13 0.0000 ISlO0.O0
2._0000E÷13 O.OOO0 29000,00
3.00000E+IB 0.0000 -3800.00
5.60000E+15 0.0000 -1700.00
5.00000E+12 0.0000 0.00
5.40000E+15 0.0000 -600.00
3.60000E+13 0.0000 0.00

ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLONING

o 93) = 0.78000 M(H20 , 93) = 6.00000
• 95) = 1.30000 H(H20 , 95) = 21.30000
• 96) = 1.50000 M(HZO , 96) = 20.00000
• 98] = 4.10000 M(O2 , 98) = 2.00000

,129) = 0.70000 H(H2 ,129) = 1.40000

M(HE02
M(CO2
H(N2
M(H20

, 95) = 6.60000
• 95) = 7.00000
• 96) = 1.50000

, 98) = 15.00000

nn HEN INPUT DATA GIVEN IN CGS UNITS n_ _n OUTPUT REQUIRED IN CGS UNITS nn

INTEGRATION METHOD (MF), 21

_n OUTPUT REQUIRED AT

_W ASSIGNED VARIABLE PROFILE nw

THE AREA IS CALCULATED BY INTERPOLATION FROM THE FOLLONINO TABLE

STATION AXIAL DISTANCE (CM) AREA (CMe_2)

1 O.00000E+OO 1.20000E_03
2 5.OOOOOE+OO 1.]BOOOE¢03

3 1.00000E+01 1.16000E+03
4 1.50000E+O1 1.14000E+03
5 2.0000OK÷Of 1.12000E+03
6 2.50000E+01 I.IO000E+OS
7 3.00000E+O1 1.OBOOOE+03
8 3.2OOOOE+OI 1.06000E+03
9 3.40000E+DI 1.04000E+03

10 3.60000E+01 l.O2000E÷03

11 3.80000E+OI 1.O0000E+03
12 4.0OOOOE+Ol 9.80000E_02
13 4.2000OE+Ol 9.60000E+02
14 _.4000OE+Ol 9.40000E+02

NUMBER OF REACTING SPECIES, 39

NUMBER OF INERT SPECIES_ 0

NUMBER OF SPECIES ODE'S REQUIRED FOR THIS CASE, 39

TOTAL NUMBER OF ODE'S REQUIRED FOR THIS CASE_ 42

INTEGRATION CONTROLS

MAXIMUM RELATIVE ERRORz 1.00000E-05 SPECIES ABSOLUTE ERROR,

MAXIMUM NUMBER OF STEPS ALLOHED FOR THE COMPLETE PROBLEM, 2000

1.OOOOOE-14

4 ASSIGNED-VARIABLE VALUES HHICH CORRESPOND TO THE FOLLONING PRINT STATIONS Iw

STATION AXIAL DISTANCE (CM)

I 5.00000E+O0

2 1.24954E+01
3 2.24363E+01
4 4.30002E+01
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TABLE D.2.---Continued.

(o) Continued.

w_ INITIAL CON01TIONS _w

TIME 8.00800E+80 SEC AREA 1.28008E+83 SO CM AXIAL POSITION O,OO080E+O0 CM

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DERSITY

(G/CMWWS)
TEMPERATURE
CDEG K)

MASS FLON RATE
(G/SEC)

ENTROPY

(CAL/G/DEG K)
MACH NUMBER

GAMMA

ENTHALPY

(CAL/G)
SP. NEAT (CP)

(CAL/G/DEG K)

1.73000

L55259,65

S.71736E-04

1608.00

6.92587E+84

2.1225

2.0000

1.2780

5,46688E+82

5.25820E-01

INTEGRATION INDICATORS

STEPS FROM LAST PRINT O

AVERAGE STEP SIZE 0.08088E÷O0

METHOD ORDER 0

TOTAL NUMBER OF STEPS O

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIONS 8

CHEMICAL PROPERTIES

88

SPECIES

CH4

CH3

H2
02
HO2
U
OH

H20
CN3D
CH20
C2i16

C2H5
C2H4
CH2
C2H3
C2H2
HCO

C2H2O
C2H
CO
C2110
CH

C02
H202

N2
HCN
N
CN
HNCO
NCO

NH2
NO
NH
NO2
N2Q

HN02
HN03
HNO

CONCENTRATION

(MOLES/CM_3)
6.55792E-07
O.O0000E_O0
0.000O0E+00
0.08000E+00

2.62S17E-06
0.80000E+00
0.00000E+08
0.08800E_00
0.08800E+88
O.80000Ek08

8.00000E+00
8.80000E+00
8.00000E+80
8.80800E*08
8.80000E+00
8.80080E+08

8.80000E+00
O,O00OOE+O0
0.08008E+00
8.00008E+00
0.00000E+00

0.00000E+00
8.08000E+00
0.0000BE+00

8.0000OE+O0

9.89802E-06
8.00000E+00

8,00000E+08
1.31770E-12
0.08000E+00
0.08000E+00
0.08000E+08
0.80808E÷00
0.080OOE÷00

0.88000E+00
0.80000E+00
8.80080E+00
0.08008E+08
0.O08OOE+O8

MOLE FRACTION

4.97680E-02
8.80000E+00

0.80000E_80
0.80008E+00
1.99072E-01
0.88000E+00
0.88000E+00
8.00000E+08
0.08000E+08

8.08008E+08
0.08000E+08
8.08088E+80
0.08800E÷00
0,00000E+0Q

0.00800E+00
8.08000E+00
0.0000BE+00
8.80000E+00
8.0000OE+00

8.00000E+00
O.00000E+O0
8,00000E+00
O,008OOE+OO

O.00000Ee80
8.00800E+00

7.51188E-0!

0.08008E+80
0,80000E+00
1.80000E-07
0,80800E+80
0.80008E+80

0.880ODE+00
8.80008E÷88
0.O0000E+00
0.00808E+80
0,O0000E+00
0.00008E+00

0.88000E÷08
8.00000E÷88

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CH_wS/SEC) NUMBER

-4,71274E-06 1
4.71274E-06 2
1.64958E-86 3

0.08080E÷80 4
-8.38235E-85 5

3.08316E-8& 6
8.07683E-85 7
0.80008E÷00 8
0.80880E+00 9
0.08800E÷80 18

0.80000E÷80 ll
0.80080E+80 12
0.00880E÷00 13
0.00800E÷80 14
0,80800E÷80 15
8,80000E÷00 16

8,80800E÷80 17
0.80080E+80 18
0.800ODE÷80 19
0.00080E+00 20

0.0000OE+O0 21
0.00000E+00 22
O,O0088E+O0 23
0.00080E+00 24
O.O00OOE+00 25

-1.79633E-|2 26
0,00000E+00 27

O,OOOOOE÷88 2B
-B.O7603E-85 29
0.00080E+80 30
B.O760SE-85 31
0.00880E+80 32
O.OOO00E÷O0 33
0.08000E÷00 34

0.00080E÷08 35
1.79633E-12 36
0.00800E_00 37
0,00088E+00 38
0.08800E+00 39

48
41

42
4S
44
45
46
47
4B
49

58
5!
52
53
54
55

56
57
58
59
60
61
62

6S
64
65
66
87
68
69
70

71
72
73
74

75
76
77
78

79
BO
B1
B2

83
84
85

RATE CONST NEI REACTION CONV RATE NET RATE/POSl-
CGS UUITS (MOLE-CMw_3/G_Z/SECI TIVE DIR RATE
1.9089E+8S 1.1937SE÷01 1.00000
2,9847E+12 0,08000E+00 0.00080
1.7806E+06 2.21687E_0I 1.00000
4,76SOE+12 0.00000E_00 8,00080

5,1714E+12 O.O0000E+OO 0.00080
2.9021E+09 O.OO000E+OO 0.80800
6.3880E+12 8.08800E+08 8.00000
6.7687E+10 0.00000E+00 0,00000
1.2548E+13 8,00800E+08 0.00080
6.2462E+12 0.00888E_00 8.08000
9.5679E_12 8,08800E+08 8.80000

2.8755E_13 8.00800E_80 0.00080
5.8291E+12 8,00000E+00 0,08800
4.I50LE+ll 8,08OOOE+O0 0.00000
q.8000E+13 8,08080E+08 0.00800
2.8000E+13 8.08000E+00 0.00008

6.0651E+I2 8.00800E+08 0.00000
3.B291E+06 8,00000E+00 8.80000
3.2681E+12 8.80800E÷00 O.OOOO0
1.478BE+12 8.00088E÷OO 8.00000

2.3129E+12 8.00800E+80 0.08880
B.I877E+12 0.000ODE÷80 0.00800
1.2768E+11 0.00000E400 0.00880
4.3856E+12 0.80O00E_00 0.00080
6.O000E_12 8.08080E_00 0,00800

3.3000E+13 8.00008E÷80 0.00880
5.8080E+L2 8.00880El00 0.00800
3.0000E+13 8.08000E_00 0.00880

3.8080E+13 8.00080E+00 0.00000
1.0180E+82 O.08O08E$OO 0.00880
7.1328E÷12 8.00008E+00 0,80800
1.3995E+13 O.O000OE+00 0.88800
6.9692E+11 8.00880E÷80 8.00088
3.8049E+II 8.00888E+00 0.00800
3,LI95E+I3 8,00000E÷O0 0.00000

2.0000E+13 8.00000E+00 0.00000
6.6507E+11 0.00008E+00 8.00000
1.2020E+12 0.08080E+00 8.00008
I,O00OE÷15 O.O0000E+O0 0.88800
5.8000E+13 O.OOO80E+O0 8.00800
3.0800E+13 0.00008E_00 8.00800
5.3311E+12 0,00008E÷00 0.08808

I.O008E+I3 8.000O8E+O0 0.00800
2.8000E+13 8.00808E+00 0.00080
2.9193E+12 O.O0800E+00 8.08080
3.B445E+I2 8,OO8O0E÷00 0.08080
6.0S78E÷I2 8.00000E+00 8.00000
4.0385E÷12 8.00008E÷00 0.00000
2.0808E+IS 0.08000E÷00 0.00000

_.2747E_08 0.00000E+00 B.00800
5.0008E+13 0.80088E+00 0,00880
1.0486E+12 0,08080E÷00 8.00800
2.0800E+13 0.00000E÷80 0,00000
4,3141E+05 0.00000E+00 8.80800
2,0569E+13 O,O0000E_O0 0.00000
7.]274E÷12 0.80000E_00 0.08800

1.1604E+I3 0.80000E_00 0.00880
6.0804E+10 0.00008E+00 0.00800
1.2000E+13 0.80088E+80 0.80880
2.080DE+IS 0.80080E+00 0,80080
5.99E7E÷OS 0.08000E_00 0.00880
1.1686E+10 0.00080E+00 8.00880
8.8532E+09 0.00000E+00 8.00000

I.IBEBE+]O O,O0000E+O0 0.00000
3.7000E+12 8.0O800E+OO 0.00000
1.0000E+13 O.O08OOE_QO 0.00800
2.2_05E+12 8.00000E+80 0.08000
1.0466E÷I8 8.80800E÷08 0,88000
3.1270E+12 0.088OOE+08 8.08000
1.1728E+13 0,00800Et00 O.8000U

5.0000E÷12 0,00000E÷00 0.00000
4.0000E+13 D.O0000E_O0 0,00000
_.0000E+]3 O.OQ000E÷80 0,00000
3.0000E+13 O.O0000E÷O0 B.O0000

3.0008E+13 O.O0000E+80 0.00000
2.0000E+13 O.80000E+00 0.00000
2.1659E÷I2 O.00000E+80 O,08OQ0
6.6896E+14 O.O0000EIO0 0.00800

7,6523E+05 O.O00DOE÷00 O.ODO00
3,0447E*]I O.0000OE+00 0.00000
4.2421E÷]0 0.80080E_00 0.00000

2.10BSE_]l O.O0000E+O0 0.00000
I.OB72E+12 0.00000E480 0.00008
5.5602E+12 0,00000E+00 0.00000
3.7302E÷13 O.08000E_O0 0.00000



TABLE D.2.---Continued.

(o) Continued.

DERIVATIVES (CGS UNITS)= T

MIXTURE MOLECULAR HEIGHT 28.21102

1.97928E÷00 RHO

TOTAL ENERGY EXCHANGE RATE
(CAL-CM_3/G_x2/SEC)

86 3.6507Et13
87 8.00OOEtl2
08 9.5708E_13

89 3.0432E+10
90 3.8905E+12

' 91 1.80OOE_12
92 7.8000E,11
93 8.7496E+10
9_ 6.9635E+12
95 1.9996E+15

96 2.6528E+00
97 4.4375E+15
98 1.6960E+01
99 0.5187E-02

lOO 2,5393E_08

I01 1.1329E+13
102 1.0387Efll
105 1.6581E+11
104 1,2000E+13
lOS 3.7877E+13

106 5.8974E+12
107 6.9017E+12
I00 2.3364E+13
109 3.7000E_12
llO 2.0000E+13
llI I.O000E÷I5
112 2.0000E+13

113 7,0207E+II
114 2.0000E+12
I15 1.0662E+13
I16 2.4283E+12
117 8.2907E÷1Z
118 8.0946E+15
119 2,1054E*14

120 3.4219E+07
121 1.3584E+07
122 6.9185E+03
123 4,0000E_12
124 0.9376E+06
125 1.4882E+10
126 1.5945E+lO

127 6.5717E+11
128 2.6242E+09
129 9.9124E÷15
130 9.5587E÷15
ISl 2.0000E+12

132 6.5215E÷15
133 3.6000E+IS

1.65526E-06 V

-1.2774_E+06

O.OOOOOE÷OO
o.ooooo_1oo

O.OOOOOEtO0
O.OOOOOE_O0
O.OOOOOE+O0
O.OOOOOE_O0
O.OOO00E_O0

O.O0000E+O0
O.OOOOOE+O0
O.0OO00EtO0
O.OOOOOE_O0
O.00OOOEAO0
0.00000E400
2.13082E-05

0,00000E*00
0.00000E_00
O.O0000E_O0
O.OOOOOE_O0
0.0000DE+00
O.00000E+O0

O.OOOOOE+O0
O.OOOOOE+O0
5.84425E+02
O.O0000E+O0
O.O0000E_O0
O.O0000E+O0
O.O0000E÷O0

O.O0000E_O0
0.00000E+00
O.O0000E_O0
O,O0000E_O0
0,00000E÷00
O.O0000E+O0
O.O0000E+O0

O.O000OE+O0
O.O0000E+O0
O.O0000E_O0
O.O0000E_O0
O.O0000E+O0

-1.29992E-05
O.O0000E+O0

O.O0000E÷O0
O.O0000E+O0
O.O0000E+O0
O.O0000E_O0

O.O0000E_O0
O.O0000E_O0
O.O0000E+O0

-1.72034E+02

MASS FRACTION SUM l.O0000OO0

CPU TIME FOR INITIALIZATION OF LSENS = 2.220001S

TIME 1,46451E-04 SEC

FLOH PROPERTIES

PRESSURE
lATH)

VELOCITY
(CM/SEC)

DENSITY
(G/CMW_3)

TEMPERATURE
(DEG K)

MASS FLOH RATE
(G/SEC)

ENTROPY
(CAL/G/DEG K)

MACH NUMBER

GAMMA

ENTHALPY
(CAL/G)

SP. HEAT (CP)

(CAL/G/OEG K)

1.90504

120959.76

_.13563E-OA

1620.17

6.92557E+04

2.1234

1,9161

1.2763

3.62423E÷02

3.25371E-01

AREA 1,10936E+03 $0 CM AXIAL POSITION 2.2436SE+01 CM

INTEGRATION INDICATORS

STEPS FRDM LAST PRINT 29

AVERAGE STEP SIZE 0.35712E+00

METHOD ORDER A

TOTAL NUHBER OF STEPS 161

FUNCT EVALUATIONS 199

JACOBIAN EVALUATIONS 25

SPECIES

CH4
CH3
H
HZ
02
BOZ
0

OH
H20
CHSO
CH20
C2H6

C2H5
C2114
CH2

C2H3
C2H2
NCO
C2H20
C2H

CONCENTRATION

(MOLES/CMwxS_
7.|7624E-07
3.70822E-09
7.00621E-12
7.91112E-I0
2.91125E-06
9.44564E-I0

1.6993AE-II
4.16255E-11
7.12085E-09
2.43557E-11
A.SS616E-09

1.81074E-09
2.20401E-14
5.74154E-11

1.33148E-15
6.99639E-16
1.40319E-13
4.83642E-14

3.63527E-16
4.71926E-20

MOLE FRACTION

4.89515E-02
2.52950E-04
4.77918E-07
2.39645E-05
1.98605E-O1

6.44319E-05
1.15917E-06
2.83942E-06
4.85737E-04
1.66139E-06

2,97148E-04
1.23516E-04
1.55800E-09
3.91650E-06

9.08247E-11
4.77240E-11
9.57162E-09

3.29909E-09
2.47974E-11
3.21916E-15

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CHw_3/SEC) NUMDER

-2,51430E-04 1

5.03006E-02 2
1.25105E-07 3

1.66017E-05 4
-1.A6771E-04 5

7.30120E-06 6
2.71685E-07 7

7.69567E-07 8
1.68311E-D4 9
4.42876E-07 IO
1.03105E-0_ II
4.30530E-05 12

7.69219E-10 13
2.72323E-06 14
6.47922E-11 IS
4.5994ZE-11 16

8.59543E-09 17
1.94312E-09 18
2.56029E-11 19
3.9599_E-15 20

0.00000
g.O0000
0.00000
0.00000
0.00000
O.QO000

0.00000
0.00000
0,00000
0.00000
0.00000
0.00000
0.00000

1.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.Q0000

0.00000
0.00000
1,00000
0.00000
O.OgO00

0.00000
0.00000
0.00000
0.00000
0.00000

0.00000
0,00000
0.00000
O.O00OO
0.00000
0.00000
O.O000O

0.00000
O.O0000
1.O000O
0.00000
0.o00o0
o.0o00o
0.00000

0.00000
O.O000O
0.00000

0.00000

RATE CONST NET REACTION CONV RATE NET RATE/POSI-
COS O_llTS (MOLE-CM_3/GWXZ/SEC) TIVE DIR RATE

4.4284E_05 2.65582E+OI 0.97428
3.34_5E÷12 9.58538E+01 0.97496
3,0419E+06 2.82779E+01 0.76098
2.3278E+12 3.79712E_02 0.99957

5.4252E+12 9.45846E÷02 0.99824
3,D178E+09 2.40782E+02 0.99910
6.300OE+12 -9.40210E+00 0.62316
8.2740E+10 1.72728E÷02 1.00000

1.2394E÷13 2.67191E+02 0.26812
6.8233E+12 5.08339E-01 l.O0000
1.03IAE+13 1.85554E_00 1.00000
2.9739E+13 1.310S7E+OI I.O0000
7,840_E+12 1.53007E_01 0.99685

4.3534E+11 1.64308E-01 0.97073
4.8000E+13 4.47719E-05 0.99693
2.0000E+13 5.77222E-04 0.99976

6.6865E+12 1.57259E-02 0.99998
8,1738E+06 4.02222E-02 1.00000
3,2987E+12 4,60939E-02 l.O0000
1,4924E+12 -6.O29q6E-OZ 0.96657
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DERIVATIVES (COS UIIIIS)J T

MIXTURE MOLECULAR HEIGHT 28.21051

TABLE D.2.--Continued.

(o) Continued.

130 9.4045E+15 -1.08154E-08 0.02549
131 5.0000E+12 -1.70434E-13 0.12131

132 6.4842E+15 1.20705E-00 0.14450
133 3.6000E_15 4.85855E-10 0,92002

2.88791E+00 RHO 2.20057E-06 V -2.27804E+02

TOTAL ENERGY EXCHANGE RATE -4,25959E÷07 MASS FRACIION SUM 100000000
(CAL-CMW_3/G_X2/SEC)

COMPUTER TIME (CPU) REQUIRED, FOR THIS STEP - 1.64999_E÷00 S UP TO THIS TIME - 9.000000E+O0 S

TIME Z.O3463E-04 SEC AREA 9.54999E+OZ SQ CM AXIAL POSITION 4.25001E+01 CM

FLON PROPERTIES INTEGRATION INDICATORS

PRESSURE 3.17523 STEPS FROM LAST PRINT 118

CATM)
VELOCITY 153515.05 AVERAGE STEP SIZE 0o16567E+00

(CM/SEC)
DEHSITY 5.43172EZ04 METHOD ORDER 4

(GICMW_5)
TEMPERATURE 1993.74

(DIG K)
MASS FLON RATE 6.92551E+04 TOTAL NUMBER OF STEPS 279

(D/SIC)
ENTROPY 2.1774 FUNCT EVALUATIONS 359

(CAL/G/DEG K)
MACH NUMBER 1.5379 JACOSIAN EVALUATIONS 30

GAMMA 1.2725

ENTHALPY 4.21727E+02
(CAL/G)

SP. HEAT (CP) 3.31576E-01
(CAL/G/DEG K)

CHEMICAL PROPERTIES

SPECIES COHCENTRATIOH MOLE FRACTION NET SPECIES PRODUCTION

(MOLES/CM_wS) RATE (MOLE/CMxWS/SEC)
CH4 3,40604E-07 1.75495E-02 -6.38759E-02
CH3 1.27900E-07 6.58900E-05 1.67191E-02
H 3.51045E-09 1.81282E-04 1.43170E-03
H2 q.92214E-O& 2.53605E-03 3.55775E-03
02 5.34680E-06 1,72442E-01 -6,64194E-02

HOE 5.69348E-09 2.93347E-04 2,42905E-04
0 6.36081E-09 3.27750E-04 2,81115E-03
ON 1,75676E-08 , 9.05141E-04 7.32008E-03
HI0 _.74535E-07 3.47541E-02 8.94642E-02
CH30 9,09955E-10 5.10046E-05 6,96576E-05
CH20 5.29882E-00 2.73013E-03 -5.09769E-03
CZH6 2.91571E-00 1.50227E-03 -2.83785E-05

CZH5 3.55738E-11 1.83288E-06 8.32677E-06
C2H4 7.70901E-08 3.97235E-03 7.73786E-03
CN2 2.79446E-10 1.45980E-05 1,57683E-04

CZH3 2,38724E-10 1.22998E-05 1.1gOOSE-D4
C2H2 0.96020E-09 4.62071E-04 2.59096E-03
HCO 1.53395E-10 7.90341E-06 4.93556E-05
CEH20 1.07069E-10 5.55652E-06 5.17763E-05
CZH 1.4_852E-12 7.46325E-08 1.00700E-06
CO 1.98863E-07 1.02461E-02 3.46349E-02

CZHO 4,59648E-10 2.36826E-05 S.20739E-0_
CN 1,E4851E-12 6._3273E-08 1,27908E-06
C02 4,31797E-09 2.22476E-04 1.35990E-03
H2OZ 4,15768E-12 2.14218E-07 4.19770E-07
N2 1.44628E-05 7.45169E-01 -2,43752E-07

HCN 2.20298E-14 1.1SSOSE-09 1.56265E-08

N 7.46803E-15 5.84777E-10 5.38870E-09
CH 4.41513E-17 2.27482E-12 2.28840E-11

NIICO 1.42240E-12 7.32866E-08 -6.26857E-08
NCO 1.34495E-14 6.92964E-10 2.97262E-09
NH2 3.21244E-13 1.65516E-08 5.63250E-08
NO 4,62605E-15 2.58349E-00 1.60872E-07
NH 1,58641E-14 8.17373E-10 -2.61956E-09

NO2 6.3_113E-15 3.26716E-10 -3.17450E-10
NED 6,29665E-13 3.24424E-06 5.55942E-07
HNO2 1.A_678E-17 7.45429E-13 __8.41252E-12
H|_03 3.20768E-20 1.69392E-15 6.30472E-15
NNO 4.46481E-17 2.30041E-12 2.28086E-11

REACTION RATE CONST NET REACTION CONV RATE NET RATE/POSI-
NUMBER CGS UNITS (MOLE-CMW_S/G_Z/SEC) TIVE DIR RATE

1 4.5147E+07 -2.98324E+03 0.74678
2 6,2505E+12 1.95450E+04 0.76983
S 5.7703E+07 -1,02029E+03 0.82067
4 9,8634E+12 7,00746E+04 0,967_8

5 7.0592E+12 1.54032E+05 0,93620
6 1.7233E+10 2,31976E+04 0.92778
7 6.3000E÷12 -3,74404E+04 0.63031
S 2.4945E+15 1.624ABE÷04 1.00000
9 1.1491E+15 6.62632E+04 0.10401

10 1.1410E+13 3.96710E÷05 0.99994
11 1.5500E+13 9.79384E÷03 0.99999

12 5.5782E+13 6,21209E÷04 0.99998
13 3.9979E÷15 7.56667E+04 0.80876
lq 5.6616E+11 1.66776E+02 0.72996

15 4.8000E+13 2.01363E÷01 0.98885
16 2.O000E+IS 2,42156E+03 0.99948
17 1,1428E+13 1.04976E+04 0.99904
18 5,2753E+00 2.67555E+03 0.99999
19 3.5189E+12 5.61502E+04 0.99973
20 1.5696E÷12 6,83922E÷03 0.94914

25 2.4811E÷12 4.12407E+03 1.00000
22 7.0770E+12 1.17617E+04 0,99986
23 9,3184E+11 1.45445E÷04 0.99390
24 4.2392E+12 1.14802E+04 1.00000
25 6.0000E÷12 1.70753E÷01 0.99964

26 3.SOOOE+IS 1.69843E+02 1.00000
27 S.O000E+IZ 7.10657E+01 0.99990

28 3.0000E+13 6.65805E+00 0.98554
29 3.0000E÷13 3.49208E-02 0.99316

30 7,8362E+04 4,99331E-03 0.10801
Sl 1,5582E+13 2.54882E+03 1.00000
32 2,7135E÷]3 5.24583E+03 0,99906
33 1.0765E+12 5.66568E_02 0.98559
54 3.0425E÷11 1.62444E÷02 0.99985
35 3.4241E÷13 5.62223E÷02 0.99925

36 2.0000E÷13 1,69326E+00 0.90159
37 7.7680E+IL 4,05041E+03 5.00000
38 1.2020E+12 5.19115E+01 1.00000
39 1,O000E+IS 2.73693E+02 l.O0000
AO S.O000E+13 2.73528E÷02 0.99654
41 3.0000E+15 5.50608E÷01 5.00000
42 6.0362E÷12 2.62413E+00 0,99856
43 1.0000E+IS 7.16104E+00 l,O0000
46 2.8000E+13 5.71727E+02 0,96201
45 3.5173E÷12 -1.70451E$01 0.43186
46 4.7567E+12 -8.54544E-01 0.12334

47 9.9567E÷12 -6,00129E÷01 0.04251
48 6.6378E+]2 1.57825E+00 0,10300

49 2,0000E+15 4.61667Et01 1.00000
50 5.2959E÷09 2.32358E÷01 0.62293
S1 S.O000E÷I$ 1.56146E+00 1.00000
52 1.6570E÷12 1.83826E+04 0.99999
53 2.O000E÷I3 2.36109E402 1.00000
54 6.605_E+07 2.29953E_02 0.99871
55 2.2160E+]S 6.99170E+04 0.99998

56 9.1319E÷12 5,77015E+03 0.99993
57 1.4ASIE+I5 1.64862E+04 0,99999
58 9,8203E÷10 2.25505E÷0_ 0.99967
59 1,3395E+1S 8.90699E+02 0.99995
60 2.0000E+13 4.93423E+04 0.99958

61 1,7742E+06 9.99327E+00 0.66944
62 6.6827E+I0 9.99656E+01 0.98073
63 5.0739E+10 1.39529E+02 0.99728
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DERIVATIVES (CGS UNITS)I T

MIXTURE MOLECULAR HEIGHT 27.986O0

TABLE D.2.---Continued.

(o) Concluded.

2.54050E+02 RHO

TOTAL ENERGY EXCHANGE RATE
(CAL-CMWWS/G_2/SEC)

64 6.6827E+10 5.062158+02 0.99_66
65 3.70008+12 6.76047E-02 0.99995
66 1.00008+13 1.41631E+02 1.00000
67 3,8536E+12 1.221598+04 1.00000
68 6.0625E÷10 3.64215E-01 0.99718
69 5.0357E÷12 8.332658+01 0.99447
70 1.8626E+15 6.08322E+01 0.98004

71 5.00008*12 1.32337E÷00 0.99997
72 4.0000E_13 1.05872E+01 1.00000
73 3.0000E+15 5.21839E_04 0,99963
74 3.00008+13 9.921308+01 1.00000
75 3.00008_13 2,740118+02 1.00000

76 2,0000E+13 3.65857E+01 0.99998
77 5.6970E_12 5.74726E+04 0.99974
78 8.5266E+14 7.095078+01 0.99998
79 1,6800E+07 3.358368+01 0.99992

80 3.239&E+11 3.828648+03 0.99801
81 1,7625E+11 6.76362E+02 1.00000
82 6.5974E+11 4.70486E÷03 0.49038
83 S.OlllE+12 1.153088+05 0.95944

84 1.3062E+13 1.19028E_04 0.85074
85 4.2568E_13 2.77096E*03 0,95872
86 3.8846E÷13 4.74054E+03 0.99417

87 8.0000E+12 2.60107E+03 0.98856

88 1.0229E+14 6.94330E+03 0.99976
89 1.4379E+11 1.34325E÷02 0.98351
90 4,25188+12 -1.664218+01 0.94051
91 1.8000E+12 1,97632E+02 0.99932
92 7.8000E+11 3.85206E-02 0.99602

93 1.47798+12 3.471388+02 0.75591
94 1.0170E+13 2.15446E+04 0,72280
95 1,87928÷15 -1,188888+03 0,29180
96 3.8787E+05 -2.22968E+01 0,98384
97 3.56128+15 5.199798÷00 0.99177
98 6.59298+03 -8.31950E-01 0.94171
99 1.0434E+02 -9,02043E-02 0.79701

lO0 0.26528+08 5.05851E-02 1.00000
101 1.5746E_15 -1,641048-05 0.12395
102 3.44638+11 1,45426E-04 0.87625
103 1.97308+11 -2.53547E-03 0.90738
104 1.20008+15 1.14214E-0fi 0.99990
105 5.49838÷15 -8.355208-04 0.85221
]06 1.051AE+I3 -1.901008-02 0.45097

]07 L,I702E÷I3 1,909098-01 0.96180
108 2.4862E+13 9,03448E-03 0.72554
109 3.7000E+12 -8.13011E-03 0.99971
110 2.0000E+IS 5.799298-03 1.00000
111 1,00008+13 3.398168-09 0.99817
112 2.00008+13 3.206088-05 0.99945

113 1.3017E+12 2.54700E-06 0.99951
114 2.0000E+12 3.91408E-06 0.99991
115 1.3476E+13 1,20849E-02 0.94934
116 2.357_E÷12 1.97S77E-02 0.93788

117 8.6035E+12 1.06576E-05 0.90613
118 7,53178+]5 -1.69A59E-03 0.53754
119 2,3944E+14 1.80375E-02 0.99619
120 7.836ZE+08 -2.13842E-02 0.99980
121 2.2108E+08 -2,68944E-01 0,99999

122 7.8865E+05 2.45908E-01 1,00000
123 4.0000E+12 6.420358-10 1.00000
124 2.9225E+08 -5.28373E-01 0.97760
125 8.48208+10 -9.283858-05 0.88966
126 8.$36SE+10 1.13167E-05 1.00000
127 1.6788E+12 7.97228E-05 0.63240
128 1.5896E+10 1.572078-05 0.93485

129 7.828AE+15 2.136938-08 0.00039
130 8.6008E+15 1.279288-05 0.00278
131 5.0000E+12 2.45321E-06 0.92148
132 6,2830E+15 1.73385E-04 0.25773
133 3.6000E+13 9.36237E-05 0.97825

4.612988-05 v -9.940978+05

-1.25658E+10 MASS FRACTION SUH 1.00000001

COHPUTER TIME (CPU) REQUIRED_ FOR THIS STEP - 5.8666698+00 S UP TO THIS TIME - 1.5966678+01 S

CLSEIIS) END OF THIS CASE

SUMMARY OF COMPUTATIONAL HORK REQUIRED FOR PROBLEMJ

TOTAL tlO. OF STEPS - 279
TOTAL tlO. OF DERIVATIVE EVALUATIONS - 359
TOTAl. riO. OF JACOBIAN EVALUATIONS - 38
TOTAl CPU TIME - 13.966667 S

TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 16.533325 S

(LSEItS) READ DATA FOR NEXT CASE
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TABLE D.2.--Continued.

(p) Case 16

_! DATA LINES Wt

I 2 3 4 5 6 7 B
_6789_23_67_9_23456789_23_56_9O_2_56_9_23_567_9_23_567_9_3456789_

LSENS METHANE - AIR HITH TAB. AREA PROFILE OF CASE 15, BUT PRINT ASSIG; CASE 16

REPEAT
DISTANCE AREA

&prob xtb = 0.0,5.0,10.0,15.0,20.0,25.0,30.0,32,0,54.0,36.0,3B.0,40.0,42,0,4_,0,
aib= 1200.O,ilBO.O,ZlGO.O,Z140.O,lZ20.O,ZlOO.O,ZOBO.O,Z060.O,Z040.O,1020.O,
1000.O, 980.0, 960.0, 940.0,

prinE = 5.0, 12.4954, 22.4363, A3.0002, &end
&_tart t=1600.0, mach=2.O, p=1.730, &Bnd

CH4 0.049768
02 0.199072

N2 0.75116
CN O.OODOO01
END

&solver emax=l. OE-5, a_olsp=l.OE-IA, &end
FINIS

SPECIES

CR4
CHS
H

M2
02
H02

D
ON
H20
CH30
CN20
C2H6

C2H5
C2N4
CN2
C2HS
C2N2
HCU
C2HZO

C2N
C0

C2HO
CH
C02
H202

N2
HCN
N
CN

HHCO
NCO
NH2
NO
HH
NO2
N20
HNO2
HNO3
MNO

w_ INITIAL CONDITIONS _w

TIME 0.O0000E÷OO SEC AREA 1,20000E+03 SQ CM AXIAL POSITION

FLOH PROPERTIES INTEGRATION INDICATORS

PRESSURE 1.73000 STEPS FROM LAST PRINT
(ATM)

VELOCITY 155259.65 AVERAGE STEP SIZE

(CM/SEC)
DENSITY 3.71736E-04 METHOD ORDER

(G/CMX_S)
TEMPERATURE 1600.00
(DEG K)

MASS FLOH RATE 6.9ZS87E+04 TOTAL NUMBER OF STEPS
(G/SEC)

ENTROPY 8.1222 FUNCT EVALUATIONS
(CAL/G/DEG K)

MACN NUMBER 2,0000 JACOBIAN EVALUATIONS

GAMMA 1.2780

ENTHAtPY 3,466BBE*02
(CAL/G)

SP. HEAT (CP) 3,23820E-Ol
(CAL/G/DEG K)

CHEMICAL PROPERTIES

CONCENIRATION MOLE FRACTION NEI SPECIES PRODUCTION REACTION RAIE CONST

(MOLES/CM_3) RATE (MOLE/CMX_3/SEC) NUMBER CGS UNIIS
6.5579ZE-07 4,97680E-02 -4.71274E-06 1 1.9089Et05
O.O000OE_O0 O.ODO00E÷O0 4.71274E-06 2 2.9847E+12
O.O0000E+O0 0.00000E_00 1.6495BE-06 3 1.7806E_06

O.flOOOOE÷OO O.OOOOOE+OO O.OOOOOE+OO 4 4.7630E_12
2.623]7E-06 1.99072E-01 -8.38235E-05 5 5.1714E+12
O.OOOOOE+O0 O.0000OE+O0 3.06316E-06 6 2,9021E÷09
O.O0000E+O0 O.O0000E+O0 B.O7603E-05 7 6.3000E+12

O.O0000E+O0 O,O0000E+O0 O,OOOOOE+O0 8 6.7687E÷10
O.O00OOE_O0 O.O0000E+00 O,OOO00E+O0 9 1.2548E+13
O.O0000E÷O0 O.OOOOOE+O0 O.OOOOOE+O0 I0 6.2_62E÷12
O,O0000E*O0 O.O0000E÷O0 O.OO000E+O0 11 9.5679E_12
O.O0000E+O0 O.OO00OE_OO O.OOOOOE÷OO 12 2.8755E+13
O.OOOOOE÷O0 O.OOOOOE+O0 O.OOOOOE+O0 13 5.8291Et12

O.OOO00E_O0 O.OOO00E÷O0 O.O0000E+O0 14 4.150IE*II
O.OOO00E_O0 O.ODOOOE÷O0 O.OOOOOE+O0 15 4.BOOOE÷13
O,O000OE*O0 0.00000E+00 O.O0000E+O0 X6 2.0000E+13
O.O0000E+O0 O.OOOOOE÷O0 O.OO000E+O0 17 6.0651E÷12
O.OOO00E_O0 O.O0000E÷O0 O.O000OE÷O0 18 3._291E÷06
O.OOOOOE+00 O.OOOOOE*O0 O.0ODOOE+O0 19 3.Z601E÷]2

O.OOOOOEtO0 O.O0000E÷O0 O.OOOOOE+O0 20 1.47BBEeI2
O.O00QOEtO0 O.OOOOOE÷O0 O.O0000E+OO 21 2.3129E_12
O.O0000E+O0 O.OOOOOE+O0 O.OOOOOE+O0 22 5.1877E+IZ

O.O0000E+O0 O.OOOOOE+O0 O.OOOOOE+O0 23 1.276BE+I1
O.O0000E_O0 O.O0000E÷O0 O,OOOOOE+O0 24 4.3056E+12
O.O0000E*O0 O.00000E+O0 O.OOOOOE+OO 25 6.0000E+I2

9.89802E-06 7.51160E-01 -1.79633E-12 26 3,3000E÷13
O.DOOOOE+00 O.OO00OE+O0 O.OOOOOE+O0 27 5.0000E+12
O.0000OE+00 0,O0O00E÷00 O.000OOE÷00 28 3.0000E+13
1.31770E-12 I.O0000E-07 -8.07603E-05 29 3.0000E+13
O.OOO00E+O0 O.OOOOOE+O0 O.OOOOOE÷O0 30 1.O180E+02
O.OOOOOE÷O0 O.OO00OE÷O0 8.07603E-05 31 7.13ZOE+12

O.OOOOOE+O0 O,OOOOOE+O0 O.0OOOOE+O0 32 1.3995E+13
O.O00OOE+OO O,O0000E÷00 O.0OOOOE+O0 33 6.9692E+1|
O.00000E+O0 O,OOOOOE+OO O.O00OOE÷OO 34 3,0049E÷11
O.OOOOOEeO0 O.O00OOE+O0 O,OOOOOE_O0 35 S.1IOSE+IS
O.O0000E÷O0 O,OOOOOE+O0 1.79633E-12 56 2.0000E+13
O.OO000E+O0 O.O000OE+O0 O,OOOOOE÷O0 37 6.6507E+11
O,OOOOOE+OO O.OO00OE÷OO O.O0000E÷O0 38 I,ZOZOE+12
O,OO000E+OO O.OOO00E+OO O,OODOOE÷OO 39 I,O00QE+I$

A0 5.0000E÷15
41 3,0000E+I3
42 5.3311E+12
A3 I.OOOOE+13
A4 2.BOOOE+I3

AS 2,9193E+12
46 3.8465E+I2
47 6.057BE+12
4B 4.OSBSE÷I2
49 2.O000E+IS

50 1.2747EAOB

O.O000OE+O0 CM

0

O,O00DOE+O0

0

0

0

0

NET RLACIION EONV MAlE NET NAIE/POS]-
(MOLE-CMI_3/GW_Z/SEC) TIVE DIR RATE

1.19373E+01 1.00000

O.O000DE÷O0 O.OOOO0
2.21667E_01 1.00000
O.O0000E_O0 0.00000
O.O0000E÷O0 0.00000

O,O0000E÷O0 0.00000
O.OO000E÷O0 0.00000
O.O0000E+OD 0.00000
O,O0000E÷O0 0.00000
O.O0000E÷O0 0.00000
O.O0000E+O0 0.00000

O.O0000E+O0 0.00000
O.00000E÷O0 0.00000
O.O0000E+O0 Q.O0000
O,OCO00E+O0 0.00000
O.O0000E+O0 0.00000

O.O0000E+O0 O.ODO00
O.O0000E+O0 0.00000
O.O0000E÷O0 0.00000
O.QO000E_O0 O.OOOOQ

O.OO000E+O0 0.00000
Q.OO000E_OO O.OOO00
O.O0000E_O0 0.00000
O.O0000E_O0 0.00000

O.O0000E*DO 0.00000

O.O0000E÷O0 0.00000
O,O0000E+O0 O,OODO0
O.O0000E_O0 O.OOOO0
O.O0000E÷O0 O.OQO00

O.O0000E÷O0 0.00000
D.O0000E÷O0 0.00000
O.O0000E+OO 0.00000
O,QOOOOE+O0 0.00000
O.O0000E+O0 0.00000
O.O0000E+O0 0.00000
O.QO000E+O0 0.00000
O.O0000E+O0 0.00000
O.O0000E_O0 O.O00OO
O.QO000E_QO 0.00000

O.O0000E÷O0 0.00000
O.O0000E÷QO 0.00000
O.OOOOOE+O0 0,00000
O.OOOOOE_O0 0,00000
O.O0000E+O0 Q.OOOO0
O.O0000E÷O0 0,00000
O.O0000EtO0 0.00000
O.O0000E÷O0 O.OOQO0

O.O0000E_O0 O.O00OO
O.O0000EtO0 0,00000
D.O0000E_O0 O.O000D
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DERIVATIVES (CGS UNITS)= T

MIXTURE MOLECULAR HEIGHT

TABLE D.2.--Continued.

(p) Continued.

28,21102

1.97928E+O0 RHO

TOTAL ENERGY EXCHANGE RATE
(CAL-CM_$/GWXZ/SEC)

51 5.0000Etl3 0,00000E_00
52 1.0_86E_12 0.00000E+00
53 2.0000E*13 O.00000E_O0
5_ 4.3141E+05 O.O0000E_O0

55 2,0569E_13 O.OOOOOE_O0
56 7.127_Et12 0.O0000E_O0
57 1.1604Eel3 0.O0000E_00
58 6.0604Et10 0.O0000E.t00
59 1.2000E_15 0,O0000E_00

60 2.0000EJl3 0.O0000E_00
61 5.9987E_03 0.O0000E_00
62 1.]686E_10 0.O0000E_00
63 8.8532E409 0,O0000E+0O
6_ 1.1686E410 O.O0000E+O0

65 3.7000E÷12 O.00000E+00
66 L.0000E+13 O.OO000E+0O

67 2.2405E+12 O.00000E+00
68 1.O_66E+lO O,O0000E_O0
69 $,1270E+IZ 0.00000E000

70 1.1726Et13 0.00000E_00
7I 5.0000E+12 0.00000El00
72 4.0000E+13 0.00000El00
73 3.00OOEI]_ 0.000OOEI0O

7_ 3.000OE_13 0.00000El00
75 3.0000E+13 0.00000E÷00
76 2.0000E_]3 0.00000E_0O
77 2.1659E_12 0.00000E+00

78 6.6096Eo14 0.00000E_00
79 7.652_Et05 0.00000El00
80 3.0447E+11 0.00000El00
81 4.2421E_10 0.00000E_00

82 2.1085Etll O.O0000E_O0
83 1.0872E_12 O.OOOOOE_O0
8_ 5.560ZE_12 0.00000E_00
85 3.7502E+15 0.00000E+00

86 3.6507E+15 0.0O000E+00
87 8.0000E+L2 0.00000E+00
88 9,5/08E{13 0,000O0E{00
89 3.0_$2E+10 O,O000OE÷O0

90 3.8905E+12 O.O0000E+O0
91 1.8000E+12 O.O0000E.tO0
9Z 7.8000E+11 O.O0000E÷O0
93 8.7496E+10 O.O0000E+O0
9_ 6.9635E+12 0.00000E+00
95 1.9996E÷15 0.000QOE÷00
96 5.6558E+00 0.00000E400
97 4.4375E_15 O.00000E+00

98 1.6960E+01 O.O000DE÷O0
99 8.SI87E-OZ 2.13082E-05

100 2.5393E+08 O.O0000E+O0
101 1.1329E+13 O.O0000E_O0

102 1.0387E÷11 O.O0000E_O0
105 1.6581E+11 O.O0000E_O0
10_ 1.2000E+13 O.O00OOE+O0
105 3.7877E÷1_ O.O0000E+O0
106 5.8974E+12 Q.OOOOOE+O0
107 6.9017E+12 Q.00000E+00
108 2.3364E+13 5.8_425E+OZ

109 3.7000E_12 O.00000E_00
110 2.0000E+13 0.00000E40O
llI 1.O000E+13 O.O0000E+O0
112 2.0000E_13 O,O0000E+O0
113 7,0207E+11 0.O0000E.*00
11_ 2.0QOOE÷12 O.00000E_00
115 1.0662E+15 O.O0000E+O0

116 2.q283E+12 O.O0000E+O0
117 _.2907E+12 O.O0000E_O0
118 8.09_4E+15 O.O0000E+O0
119 2.1854E+14 O.O0000E+O0
120 3._219E_07 O.O0000E÷O0
12I 1.35_E_07 O.O000OE+O0
122 6.9185E*05 Q.00OOOE_QO

123 _.O000E_12 O.O0000E+O0
12_ 8.9_76E_06 Q.OOOOOE_O0
125 1._882E+10 -1.29992E-05
126 1.59_5E+10 O.O0000E÷O0
127 6.5717E+11 O,O0000E+O0
128 2.624ZE+09 O.O0000E+O0
129 9.912_Et15 O.O0000E_O0

130 9.5587Et15 Q.OOOOOE_O0
I$I 5.0000EtlZ O.O0000E*O0
132 6.5215E_15 O.O0000E+O0

133 3.6000E_13 O.O0000E_O0

1.65526E-06 V -1,72_E÷02

-1,Z774_E÷06 MASS FRACTIOII SUM

CPU TIME FOR INITIALIZATION OF LSEHS = 1.06999Z S

0.000o0

0.00000
0.00000
0.0o0o0
0.000o0
o.ooooo
0.00000

O.OOOOO
O.O000Q
0.000o0
0.00000
O.O0000

0.00000
0.00000
O.OOO00
0.oo0o0
0.00000
0.00000
0.00000

0.00O00
0.00000
0.0o000

0,O0000
0.00000
0.000CO
0.00000
0,o00o0

0.000o0
0.00000
O.OOOOO

0.000o0
0.00000
0.00000

O,O0000
0.000o0

0.00000
0,00000

0.000o0
0.00000
0.00000
O.O0000
0.00000
0.00000
o.o0000

0.OOO0O
0.00000
0.00000
0.00000
].OOO00
0,00000

0.00000
0.00000
0.0000o
0.00000
0.00000
0.00000

0.00000
1.00000
0.00000
0.00000

0.00000
0.00000
0,00000
0,00000
O.O000O
O.O000O
0.00000
o.00000
0,o00o0
0.00000

O.O00OO
0.00000
0.00000
0.00000
l. O0000

0.00000
0.00000
O,00000
0.00000
O.0OOOO

O.O000O
0.00000
O.OOO00

_.O00DQO00
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SPECIES

CN4
CN3
H

H2
O2
HD2
0
OH

H20
CH30
CH20
C2H6
C2H5
C2H4

CH2
CZH5
C21t2
HCO
C2H20

C21t
CO
CZHO
CH

C02
HZOZ
N2

HCN

N
CN
HNC n
NCO

NH2
NO
NN
NO2
N20
HNOZ
HN03

HNO

TIME 1.46451E-04 SEC

TABLE D.2.--Continued.

(p) Continued.

AREA 1.109360+03 SQ CM

FLON PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DENSITY

TEMPERATURE
(DEG K)

MASS FLON RATE
(G/SEC)

ENTROPY
(CAL/G/DEG K)

MACH NUMBER

GAMMA

ENTHALPY
[CAL/G)

SP. NEAT [CP)

(CAL/G/DEG R)

1.98504

150959.76

4.13563E-04

1650.17

6.92587E+04

Z.1234

1.9161

1.2763

3.62423E+02

3.25371E-01

CHEMICAL PROPERTIES

CONCENTRATION
(MOLES/CMx_3)

7,17624E-07
3.70822E-09

7.00622E-12
7.91113E-I0
2.91155E-06
9.q4564E-IO
1.699340-II
4.I6255E-11

7.12085E-09
2.43557E-11
4.35616E-09
1.81074E-09
2.28401E-1_

5.74155E-11
1.33148E-15
6.99640E-16
1.40319E-13

4.83643E-1_
S.63528E-16
4.719270-20
1.303900-10
2.00636E-17
1.04070E-20

1.422130-13
8.547630-13
I.I0117E-05

4.10904E-18

1.46100E-18
5,12271E-18
2.59465E-15

1.17461E-12
2.97443E-16
2.14401E-14
S.96606E-15
1.38841E-15
4.48392E-15
1.768610-20

1.719780-22
6.02738E-20

HOLE FRACTION

4,89515E-02

2,52950E-04
4.77918E-07
5.39645E-05
1.98605E-01
6.44319E-05
1.15918E-06

2.83942E-06
4.85737E-04
1.66139E-06
2.97149E-04
1.23516E-04
1.55800E-09

5.91650E-06
9.082480-II
4.772490-II

9.571630-09
3.29909E-09
2.47974E-11
3.21917E-15
8.89437E-06

1.36861E-12
7.09899E-16
9.70086E-09
5.83063E-08

7.51146E-01
2.80291E-13

9.96595E-14
3.494380-13

1.76990E-08
8.01242E-08
2.02896E-11
1.46250E-09
6.11606E-10

9.4708_E-11
5,05864E-10
1.20645E-15
1.17512E-17
4.11148E-15

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CM_3/SEC) HUMBER

-2.51430E-04 I
5.03006E-05 2
1.25105E~07 5
1.66017E-05 4

-1.46771E-04 5
7.30120E-06 6
2.71685E-07 7
7.695600-07 0
1.68311E-04 9
4.42876E-07 10

1.03105E-04 II
4.305300-05 12
7.69218E-10 13
2.72323E-06 14
6.47923E-11 15
4.59943E-11 16

8.59544E-09 17
1.94312E-09 18
2.56030E-ii 19
3.95995E-13 20

6.00064E-06 21
1.57302E-12 22
7.22929E-16 23
8.80830E-09 24

1.03216E-08 25
-9.52715E-11 26

1.900690-13 27

4.38094E-lA 28
1.2200BE-13 29
5.95719E-09 30

-6.53491E-09 31
1.36082E-11 32

3.66047E-I0 33
1.60472E-10 34
4.26104E-11 33
9.25858E-11 36

. 5.84729E-16 37
7.01639E-18 38
1.98167E-15 .39

40

41
42
43
44
45
46
47

48
49
50
51
52
53
34

55
36
57
58
59
60
61

62
63
64
65
66
67
68

69
70
71
72
73
74

75
76
77
78

79
80
81

AXIAL POSITION 2.24363E+01 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 29

AVERAGE STEP SIZE 0.35712E+00

METHOD ORDER 4

TOTAL HUMOER OF STEPS 161

FUNCI EVALUATIONS 199

JACOBIAN EVALUATIONS 25

RATE CONST NET REACTION CONV RATE NET RATE/POSI-
COS UNITS [MOLE-CM_3/GW_2/SEC) TIVE OIR RATE

4.Q204E_03 2,653820e01 0.97_28
3.3445E*12 9,58530Et01 0.97496

3.04190+06 2.82779E_01 0.76098
5.3278Et12 3.79712E_02 0.99957
5,4252E+12 9.45847E_02 0,99824
3.B178E+09 2.40782E+02 0.99910
6.3000E÷12 -9.402110+00 0.62316
8.2740E+10 1.72728E+02 1.00000

1.23940+13 2.671920+02 0.26815
6.85330+12 5,083390-01 1.00oo0
1.0314E+15 1.855540+00 1.00000
2,9739E+13 1.31057E_01 1.00000
7.0404E+12 1.55007E÷01 0.99685

4.3534E+11 1.64508E-01 0.97075
4.8000E+13 4.477200-05 0.99695
2.0000E+13 5.77223E-0_ 0,99976
6.68650t12 1.57259E-02 0.99998

8.17t8E*06 4.02253E-02 1.00000
3,2987E+12 4.60940E-02 1.o00o0
1.4924E+12 -6.02946E-01 0.96657
2.3381E+12 1,333770-02 1.00000
5._417Et12 3.10_240-02 0.99998

1.7359E+11 1,03905E-02 0.99950
4.2953E+12 5.11572E-02 1.00000
6.0000E+12 1.71845E-07 0.99932

3.5000E_13 2.29396E-06 1,00000
5.0000E+I2 8.51337E-07 0.99995

3.00000÷15 -3.29912E-09 0.95281
3.00000+13 4.32689E-15 0.74712
2.8320E÷02 3.396660-09 0.99724
7.8394E_12 1.09293E-04 1.00000

1.5497E+13 2.16030E-04 1.00000
7.4517E+11 2.54429E-03 0.99981
3.0107E+11 1.02BIAE-05 0.99999
3.1645E+13 2.54227E-05 1.00000
2.0000E+13 2.29332E-10 0.99835
6.8116E+11 2.32647E-04 l.OOO00
1,20200+12 2.39613E-09 1.0000o
1.OOOOE+IS 4.88249E-08 0.99990

5.0000E+13 3.98352E-08 0.96936
3.0000E+13 4.68576E-12 0.99999
5.4340E+I2 -2.846580-12 0.77032
1.O000E+IS 2.35361E-14 1.OOOO0

2.80000+13 -1.17593E-04 0,97937
3.0043E+12 2.566330-07 0.96552
3.97260+12 -2.76520E-05 0.99787
6.3394E+12 4.95943E-08 0.50928
4.3596E+12 1.56134E-07 0.99156
2.0000E+13 7.22376E-07 1.00000
2.2625E+08 6.940830-06 0.98456
5.0000E+13 2.34445E-10 1,OOO00

1.1231E+12 4.65628E+02 1.OOOO0
2.0000E+13 1.99541E-02 1.00000
9.B599E+05 3.494790-01 I.O0000
2.0806E+13 2.20584E+01 l.O0000
7.4046E+12 1.32131E+00 1.ooooo

1.2001E+IB 5.19400E÷00 1,00000
6.5181E+10 6.153060+00 0.99996
1.2187E+13 1.2777BE-02 0.99991

2.0000E+13 4.09585E+02 1,00000
1,04030+04 4.57785E-05 0,99997
1,5254E+I0 2.31704E-03 0.99997
1.1560E+10 6,2590ZE-03 1.00000
1.52540+10 1,376650-02 1,00000

3.7000E÷12 -5.25067E-15 0.14089
1.O00OE+13 1.77160E-06 1.00000
2.4319E÷12 5,51212E-02 1.00o00
1.5688E+10 1.81075E-09 1,O000O
S.B6OOE+IZ 1.OB878E-06 0.99998
1,2566E+13 6.85208E-07 0.99976
5.0000E+12 5.18177E-11 0,99982

4.0000E+I3 4.14617E-10 1.00000
3.0000E+13 2.46987E+0I 0.99998
3.00000+13 1.44159E-04 1.00000
3.OOOOE+IB 3.53120E-0_ 1.00000

2.0000E+13 3.96237E-05 l.O0000
2.5136E+12 1.04200E+01 1,00000
6.87390+1_ 1.30550E-04 1.00000
1.2074E+06 2.6799_E-03 l.OOOOO
3.0739E+11 9.75455E-03 0.99997

5.2820E+10 3.80361E-02 1,00000
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DERIVATIVES (CGS UNITS)4 T

MIXTURE MOLECULAR HEIGHT 28.21051

TABLE D.2.--Continued.

(p) Continued.

82 2.5132E+11 1.34282E-01 0.75519

83 1.2718E÷12 1.51638E+02 0.99966
84 6.3415E_12 4.89870E-01 0.98280
85 3.8068E÷13 1.31865E+00 0.89523
86 3.6858E+13 3,45202E÷00 0.99820

87 B.O000E÷]2 1.82553E+00 0.99264

88 9.6693E+]3 3.74138E+00 1.00000
89 _.8651Eq10 1,67619E-01 0.99261
90 3.9440E_12 -6.97079E-05 0.89480
91 1.8000E+]2 9.38246E+00 0.99923
92 7.0000E+11 2.73111E-05 0.99999

93 1.3520E+1] 9,_9668E_00 0.99992
94 7.3817E+12 1.32157E+00 0,92973
95 1.9806E+15 -3.71788E+01 0.89238
96 1.5_57E+01 -1,90679E-0_ 0.93159
97 4,3026E+15 4.31723E-05 0.98325
98 4.2473E+01 -1.53312E-07 0.02648
99 2,5532E-01 6,24295E-05 0.97979

100 3.0453E+08 2.04045E-10 1.00000
101 1,1918E+13 2,8237BE-07 0.99991
102 1.2468E+11 -9,51699E-09 0.99468
103 1.7030E+lI -8.1919_E-07 0,99979

104 1.2000E+13 6.10771E-09 1.00000
105 4.0114E+15 -7.76301E-05 0.99936
106 6.4274E+12 3,49108E-02 0.99972
107 7,4861E+12 7.95645E-05 0.99997
108 2.3589E+13 9.75762E-04 0.47435
109 3,7000E+12 -8.99143E-04 1.00000
110 2.0000E÷13 2.33411E-03 1.00000

111 I.O000E_I3 1,00357E-10 t.0o000
112 2.0000E+13 9.G2332E-04 1.00000
113 7.7207E*1] 9.97604E-16 0.99044
114 2.0000E÷12 2.60178E-15 0.99717
115 1,1037E+13 2.40839E-05 0,99999

116 2.4172E÷12 2.85250E-04 0.99662
117 8.3581E÷12 5.36940E-07 0.46681
118 B.0051E+15 -2.29534E-05 0.98925
119 2.2164E÷I_ 1.26053E~05 0,99982
120 5.5414E+07 -1.46332E-08 0.99669
121 2,0808E_07 -3.95127E-05 1.00000

122 1.4344E+04 1.56954E-05 1.00000
123 4.0000E_12 4.74400E-14 1.00000
124 1.5404Et07 -5.0432OE-04 0,98840
125 1,9_54E+10 -3.69577E-05 0.99977
126 2.0569E_I0 9.16356E-09 1.00000
127 7.5925E+II -6.18438E-08 0.30722

128 3.4628E+09 2.22342E-08 0.99981
129 9.5586E+15 4.10234E-II 0.00092
130 9.4045E÷15 -I.88154E-08 0.02549
131 S,O000E+I2 -I.70434E-12 0.12131
132 6.4842E+15 1.20705E-08 0.14458

133 3.6000E+13 4.85856E-10 0.92002

2.88791E+00 RHO 2.20037E-06 V -2.27804EI02

IOTAL ENERGY EXCHANGE RATE -4.25939E+07 MASS FRACTIOII SUM 1.00000000
(CAL-CM_3/G_Z/SEC)

SPECIES

CH4

CH3
H
H2
02

HOZ
0
OH
H20
EHSO
CH20
C2H6
C2H5

C2H4
CH2
C2N5

C2H2

COMPUTER TIME (CPU) REQUIREOa FOR THIS STEP - L.660004E+00 S UP T0 THIS TIME - 9.010025E_00 S

TIME 2.83463E-04 SEC AREA 9.54999E+02 Sq CM AXIAL POSITION 4,25001E+01 CM

FLON PROPERTIES INTEGRATION INDICATORS

PRESSURE 3.17520 STEPS FROM LAST PRINT 118
(ATM)

VELOCITY 133515.39 AVERAGE STEP SIZE 0.16567E+00
(Ct_VSEC)

DENSITY 5.43171E_04 METHOD ORDER 4

TEMPERATURE 1993.73
(DEE K)

MASS FLON RATE 6.92501E+04 TOTAL NUMOER OF STEPS 279
(G/SEE)

ENTROPY 2.1774 FUNCT EVALUATIONS 559
(CAL/G/DEG K)

MACH NUHBER 1.5379 JACOBIAN EVALUATIONS 38

GAMMA 1.2725

ENTHALPY 4.21726E+02
(CAL#G)

SP. HEAT (CP) 3.31576E-01

(CAL/G/DEG K)

CHEMICAL PROPERTIES

CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION CONV RATE NET RATE/POSI-

(HOLES/CH_3) RATE (MOLE/CM_S/SEC) NUMBER CGS UNITS (MOLE-CMW_3/G_2/SEC} TIVE DIR RATE
3.40620E-07 1,75499E-02 -6.50713E-02 1 4.5143E+07 -2.90280E+03 0.74676
1.27095E-07 6.58958E-03 1.67178E-02 2 6.2504E+12 1.95436E+04 0.76985
3.51800E-09 1.81263E-04 1.43144E-03 S 5.7700E+07 -1.02023E+03 0.82066

4.92203E-08 2.53600E-03 3.55768E-03 4 9.8633E+12 7.00692E+04 0.96749
3.34689E-06 1.72445E-01 -6.64127E-02 5 7.0591E+12 1.54024E+05 0.93620
5.69341E-09 2.93344E-04 2.42879E-04 6 1.7232E+10 2.31964E÷04 0.92779
6.36007E-09 3.27693E-04 2.81061E-03 7 6,3000E+12 -3.74380E÷04 0,43833
1.75657E-08 9.05044E-04 7.32672E-05 8 2.4945E+11 1.62441E+04 i.O0000
6,74506E-07 5.47529E-02 8.94564E-02 9 1.1491E+13 6.62581E+04 0.10401

9.09912E-10 5.10057E-05 6.96517E-05 10 1.1410E+13 3.96674E+03 0,99994
5.29894E-08 2.73019E-03 -5.09756E-03 li 1.5580E÷13 9.79289E+05 0,99999
2.91577E-08 1.50231E-03 -2.83738E-03 12 3.5782E+13 6.21155E+04 0.99998
3.55715E-_1 1.83277E-06 8.32578E-06 13 3.9978E+13 7.56601E÷04 0,80876
7.70959E-08 5.97224E-03 7.73785E-03 14 5.6616E÷ll 1.66765E+02 0,72996

2.79405E-10 1.43959E-05 1.57649E-04 15 4.8000E+13 2.01350E+01 0.98885
2.38695E-10 1.2298_E-05 1.09986E-04 16 2.0000E+13 2._2113E÷03 0.99948
8.96751E-09 4.62037E-04 2.59869E-03 17 1.1428E+13 1.04961E÷04 0.9990_
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TABLE D.2.--Concluded.

(p) Concluded.

DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR HEIGHT 27.98601

2.5_007E+02 RHO

TOTAL ENERGY EXCHAI_GE RATE

(CAL-CMW_S/G_X2/SEC)

lll 1.0000E+15 LSg755E-09 0.99037
112 Z.0090E+13 5.Z0557E-03 0.99945
I13 1.3017b12 2.54607E-06 0.99951
114 2.O000E+I2 3.91350E-06 0.99991
115 1.3_76E+13 1.20841E-02 0.9_93_
116 2,557_E+12 1.97357E-02 0.95788

117 8.6053E+12 1.06566E-05 0,g0615
I18 7.SH7E+15 -1.69_69E-03 0.55760
119 Z.SqA_E+I_ 1.89359E-02 9.99619
120 7.8357E+08 -2,13779E-02 0.99980
121 2.2107E+08 -2.60891E-01 0.99999
122 7.8859E÷95 2._5860E-DI 1.90900
123 4,0000E+12 6.AI922E-10 1.00000
IZA 2.9223E+00 -5,28500E-01 0.97760

125 8._817E+10 -9,ZSZDSE-05 0.88967
126 8.3361E+10 1,13I_E-D3 1.90909
127 1.6780E+IZ 7.97087E-05 0.65Z40
128 1.5895E+10 1.57204E-05 0.93487
129 7.823_E+15 2.13649E-D0 0.00039
1SO 8,6008E+15 1.27862E-05 0.00278
131 5.0000E+12 ZASZ62E-06 0.92147

1SZ 6.2830E+15 1,7534_E-0_ 0.25772
155 5.6000E+13 9.36013E-05 O.97825

4.61257E-05 V -9.9400_E+03

-1.Z5648E+10 MASS FRACTION SUM 1.00000001

COMPUTER TIME (CPU) REQUIRED, FOR THIS STEP - 5.866669E+00 3 UP TO THIS TIME - 1.390001E+01 S

(LSEI4S) EtlD 0F THIS CASE

SUMMARY 9F COMPUTATIONAL NOR[ REQUIRED FOR PROBLEM,

TOTAL NO. OF STEP3 - 279

TOTAL NO. OF DERIVATIVE EVALUATIONS - 559
TOTAL NO. OF JACOBIAN EVALUATIONS - 38

IOTAL CPU TIME - 13.990009 S

TOTAL CPU TIME (INCLUOINO I/O) REQUIRED = 15.6¢9996 S

(LSEHS) READ DATA FOR NEXT CASE
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Appendix E

Sensitivity Test Cases

In addition to the kinetics-only test cases described in

appendix D we have prepared a set of nine kinetics-plus-
sensitivity-analysis test cases. These example problems are also

supplied with LSENS. The first six cases are constant-
temperature problems whose results have been published in the
literature. Results for cases 1 and 2 were also computed analyti-

cally. Excellent a_eement between the LSENS and literature
results was obtained for all cases. The last three cases are non-

isothermal problems that illustrate the application of sensitivity

analysis to combustion problems. As for the kinetics-only test
cases, all sensitivity cases are set up in one file for execution in a

single computer nan. Cases 1, 2, 5, and 7 involve dummy species

used in simple reactions. The thermodynamic data for these species
are not read from the standard thermodynamic data file. Their

coefficients are placed at the beginning of the problem data file.
In this appendix we describe these cases. We then list the com-

plete input file in table E. 1. Cases 8 and 9 will be especially useful to
users as models for their own sensitivity analysis computations.

Description of Test Cases

Case 1

Case 1 is the constant-volume isothermal reaction

/q

A=B

, k_ I

where kl and k-l, the forward and reverse rate coefficients,
are given separately by writing the two separate irreversible
reactions A -+ B and B _ A. This case was first studied by

Hwang (ref. 12) and was later used by Radhakrishnan

(ref. 13) to compare sensitivity analysis methods. Note that
in namelist PROB both the variables SENSTD and SENCAL

are set equal to TRUE. This action tells LSENS to compute
sensitivity coefficients for the time derivatives of the

dependent variables as well as for the variables themselves.
The variable ALLSP is used after the keyword INIT to obtain

initial value sensitivities with respect to all species and after
the keyword SENSVAR to obtain sensitivities for all species

concentrations at each print station. In namelist SENRXN
we have set ALLRXN equal to TRUE to obtain sensitivities

with respect to all reactions. For this and all other isothermal
reactions only the variable SENSAJ is set equal to TRUE for

sensitivities with respect to the preexponential factors. Coef-

ficients with respect to the temperature exponent and activa-
tion energy of any reaction will be the same as those for the

preexponential factor.

Case 2

Case 2 is the constant-volume isothermal reaction

A : B =C. Each forward and reverse reaction is written sepa-

rately, so that the case has four reactions, A --->B, B --->A,
B --_ C, and C --->B. This test case was used by Hwang et al.

(ref. 14). The keyword INIT does not appear in the sensitiv-

ity analysis data, and therefore no sensitivities with respect to
initial conditions are computed.

Case 3

Case 3 is the constant-volume isothermal pyrolysis of

ethane using the mechanism of Kramer et al. (ref. 15). This
same case was also used by Dunker (ref. 16) and

Radhakrishnan (refs. 13 and 17) to compare sensitivity analy-
sis methods. The data require sensitivities for all species

with respect to the initial ethane concentration and tempera-
ture and for all species with respect to the rate coefficients of
reactions 1 and 2.

Case 4

Case 4 is the isothermal constant-volume ignition of a

methane-oxygen-argon mixture containing trace concentra-
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E. Sensitivity Test Cases

tions of carbon dioxide and hydrogen. The mechanism is that
of Boni and Penner (ref. 18). Sensitivity coefficients for all

species with respect to all reaction preexponential coeffi-
cients are required. Separate forward and reverse rate coeffi-
cients are given for the reversible reactions.

Case 5

Case 5 is the isothermal, constant-volume oxidation of

formaldehyde using the mechanism of Dougherty et al.
(ref. 19). In this case the variable TINY is set equal to 0.1 in

namelist PROB to set equal to zero any sensitivity coeffi-
cients whose magnitudes are less than 0.1. Also, in namelist

SENRXN the variable ORDER is set equal to TRUE in order
to have a second type of table printed out for the sensitivity

coefficients. The second table is organized by dependent
variable, and for each one the coefficients are listed in order

of decreasing magnitude. The rate-controlling reactions can
then be seen at a glance. Note that the chemical mechanism

has two reactions that simulate the destruction of species at

the wall of the reaction chamber. These are H20 2 ---->

H202W and HO 2 _ HO2W, where the species on the right
side of each reaction has the same thermodynamic properties
as the species on the left side.

Case 6

Problem 6 is the isothermal, constant-volume oxidation of
wet carbon monoxide. We use the mechanism of Yetter et al.

(ref. 20). Sensitivity coefficients with respect to all rate param-
eters for concentrations of the two variables hydrogen and

carbon monoxide are to be computed, as are sensitivities with
respect to six initial concentrations. In namelist SENRXN

we have set ORDER equal to TRUE and have also set the

variable OUTPUT equal to FALSE. This suppresses the
printing of the standard type of sensitivity-coefficient table.

Only the table organized by dependent variable is printed.

Case 7

Case 7 is the first nonisothermal case, the constant-

pressure, irreversible conversion of one reactant to one prod-

uct with the rate coefficient expression

k = 1.0T

This test problem, first used by Radhakrishnan (refs. 13 and
17), can be solved analytically and so permits an objective
evaluation of the accuracy of the code. Sensitivity coeffi-

cients of all dependent variables and their derivatives are

required. This is done very simply by placing the one word
ALL on the line after the keyword SENSVAR and setting the

variable SENSTD equal to TRUE in namelist PROB. The
word ALL is also placed after the keyword INIT to obtain

sensitivity coefficients with respect to the initial values of all

dependent variables. In namelist SENRXN we have set the
variables SENSNJ and SENSEJ as well as SENSAJ equal to

TRUE in order to obtain sensitivity coefficients with respect
to all three rate coefficient parameters in this nonisothermal
reaction.

Case 8

Case 8 is the constant-pressure static ignition of a stoi-

chiometric hydrogen-air mixture seeded with 0.45 mol %
nitric oxide to catalyze the low-initial-temperature (950.66 K)
reaction. The mechanism is the same as that used for kinetics

test case 2 and described in appendix D. Four reactions of
carbon monoxide and carbon dioxide have also been added
because the air contains a small amount of carbon dioxide.

The latter reactions and rate coefficients are also taken from
the kinetics test cases. The variable TINY is set to 1.0xl0 -7

in namelist PROB. Sensitivity coefficients are required for

seven dependent variables, six species concentrations and
temperature. Initial value sensitivities are required for eight

variables. Note that this list is ended by inserting a blank line
because there are exactly eight names written on the line fol-

lowing the keyword INIT. Rate coefficient sensitivities are to
be computed for the six reactions whose numbers are listed in

the array RXNUM in namelist SENRXN.

Case 9

Problem 9 is the constant-volume static ignition of a stoi-

chiometric benzene-oxygen mixture that has been shock
heated to an initial temperature of 1405 K. The chemical

mechanism was developed by Bittker (ref. 21) to match a
wide range of experimental ignition delay times and compo-

sition profile data reported for this fuel. Sensitivity coeffi-
cients for 10 dependent variables are required, including tem-

perature, density, and pressure. Sensitivities with respect to

the initial values of five variables, including temperature and
density, will be computed as well as sensitivities to the rate

parameters Aj and Ej for 24 reactions listed in the array
RXNUM.

Listing of Results

The test case file in table E. 1 was also executed on the Sun

SPARCstation 1 that was used to execute the kinetics-only
cases. Total execution time for the nine cases was

approximately 139 s. Sample results are given in table E.2.

Of course, these cases too will execute more rapidly on the
newer workstations and mainframe computers.
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TABLE E.1.--PROBLEM DATA FILE FOR SENSITIVITY ANALYSIS TEST CASES

CARD

300.000

DUMA

0.25161474E 01

0.00000000

0.00000000

DUMB

0.25161474E 01

0.00000000

0.00000000

DUMC

0.25161474E 01

0.00000000

0.00000000

DUMP

0.25161474E 01

-0.25161474E 04

0.00000000

DUMR

0.25161474E 01

0.00000000

0.00000000

HO2W

0.40173060E 01

-0.I1412445E 04

-0.95674952E-08

H202W

i000.000 5000.000

L 5/66A 1.00 0.00 0.00 0.G

0.00000000 0.00000000

0.00000000 0.25161474E 01

0.00000000 0.00000000

L 5/66A 1.00 0.00 0.00 0.G

0.00000000 0.00000000

0.00000000 0.25161474E 01

0.00000000 0.00000000

L 5/66A 1.00 0.00 0.00 0.G

0.00000000 0.00000000

0.00000000 0.25161474E 01

0.00000000 0.00000000

L 5/66A 1.00 0.00 0.00 0.G

0.00000000 0.00000000

0.00000000 0.25161474E 01

0.00000000-0.25161474E 04

L 5/66A 1.00 0.00 0.00 0.G

0.00000000 0.00000000

0.00000000 0.25161474E 01

0.00000000 0.00000000

J 9/78H 1.0 2. 0. 0.G

0.22175883E-02-0.57710171E-06

0.37846051E 01 0.35964102E 01

0.36597628E-II-0.89333502E 03

L 3/85H 2.0 2. 0. 0.G

0.47928858E 01 0.36300865E-02-0.11136435E-05

-0.18132195E 05-0.51306415E 00 0.34546633E 01

-0.46279780E-08 0.21458200E-II-0.17672328E 05

SPECA

0.25161474E 01

0.00000000

0.00000000

SPECB

0.25161474E 01

0.00000000

0.00000000

END

L 5/66A 1.00 0.00 0.00 0.G

0.00000000 0.00000000

0.00000000 0.25161474E 01

0.00000000 0.00000000

L 5/66A 1.00 0.00 0.00 0.G

0.00000000 0.00000000

0.00000000 0.25161474E 01

0.00000000 0.00000000

300.000 5000.000 1.0

0.00000000 0.00000000

0.00000000 0.00000000

0.00000000 0.00000000

300 000 5000.000 1.0

O 00000000 0.00000000

0 00000000 0.00000000

0 00000000 0.00000000

300 000 5000.000 1.0

0 00000000 0.00000000

0 00000000 0.00000000

• 0 00000000 0.00000000

300 000 5000.000 1.0

0.00000000 0.00000000

0.00000000 0.00000000

0.00000000 0.00000000

300.000 5000.000 1.0

0.00000000 0.00000000

0.00000000 0.00000000

0.00000000 0.00000000

300.000 5000.000 33.00669

0.71372882E-10-0.36458591E-14

0.52500748E-03 0.75118344E-05

0.66372671E 01 0.00000000

300.000 5000.000 34.01460

0.14868513E-09-0.68958511E-14

0.55575930E-02 0.92103738E-06

0.68402452E 01-0.16394994E 05

300.000 5000.000 0.999001E-03

0.00000000 0.00000000

0.00000000 0.00000000

0.00000000 0.00000000

300.000 5000.000 0.999001E-03

0.00000000 0.00000000

0.00000000 0.00000000

0.00000000 0.00000000

SIMPLE TEST CASE A=B: HWANG, JT, PROC. NSC TAIWAN, PART B, V6, P37, 1982. CASE

SPECA > SPECB 1.00E+03

SPECB > SPECA 1.00E+00

TIME

&prob rhocon=, true. , tcon=, true., sencal=, true., senstd =. true. ,

print=l • 5E- 04,1 • 0E- 03,2.0E- 02, &end

&start p=l.0, t=300.0, &end

SPECA 0. 999001

SPECB 0. 000999

END

&solver

INIT

ALLSP

SENSVAR

ALLSP

REAC

&senrxn

FINIS

SIMPLE TEST CASE A=B=C: HWANG ET AL, J. CHEM PHYS, V69, P5180, 1978.
NEW

DUMA > DUMB 1.0

DUMB > DUMA i00.0

DUMB > DUMC i00.0

DUMC > DUMB 1.0

emax=l.0E-06, atolsp=0.0, &end

END

END

sensaj=.true., allrxn=.true., &end

CASE 2

TIME

&prob

print = 0.I, 2.5, 4.5, &end

&start t=300.0, p=l.0, &end

DUMA 1.00

END

&solver emax=l. 0E-6, atolsp=l. 0E- 8,

SENSVAR

ALLSP END

REAC

&senrxn allrxn=, true., sensaj=.true.,
FINIS

rhocon=.true., tcon=.true., sencal=.true.,

&end

&end

!

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2
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102

TABLE E. 1 .---Continued.

ETHANE PYROLYSIS: KRAMER ET AL, APPL MATH MODELLING, V5, P432, 1981. CASE 3

NEW

C2H6 >2.0CH3 1.20E+12 0.0 59218.0

C2H6 + CH3 > C2H5 + CH4 8.01E+08 0.0 11943.0

C2H5 > C2H4 + H 3.00E+11 0.0 34974.0

H + C2H6 > C2H5 + H2 1.30E+II 0.0 8982.0

H + H > H2 6.99E+13 0.0 0.0

TIME

&prob rhocon=, true., tcon=, true., 8encal =. true.,

print= 1.0, 20.0, &end

&start p=0.4507, t=923.0, &end

C2H6 1.0

END

&solver emax=l. 0E- 6, atolsp=l. 0E- 8, &end

INIT

C2H6 TEMP END

SENSVAR

ALLSP END

REAC

&senrxn sensaj=.true., rxnum = 1.0, 2.0, &end

FINIS
CH4-O2-AR SHOCK IGNITION: BONI & PENNER, COMB SCI & TECH, VI5, P99, 1977. CASE 4

NEW

M + CH4 > CH3 + H 4.337E+07 0.0 0.0

H + CH3 > CH4 + M I.I06E+17 0.0 0.0

OH + CH4 > CH3 + H20 2.590E+13 0.0 0.0

CH3 + H20 > OH + CH4 1.048E+II 0.0 0.0

H + CH4 > CH3 + H2 1.988E+13 0.0 0.0

CH3 + H2 > H + CH4 8.071E+II 0.0 0.0

O + CH4 > CH3 + OH 2.168E+12 0.0 0.0

CH3 + OH > O + CH4 6.625E+I0 0.0 0.0

CH3 + O > CH20 + H 1.0E+I4 0.0 0.0

CH20 + H > CH3 + O 5.3E+07 0.0 0.0

CH3 + 02 > CH20 + OH 2.0E+I0 0.0 0.0

CH20 + OH > CH3 + 02 4.337E+04 0.0 0.0

CH20 + O > HCO + OH 1.584E+13 0.0 0.0

HCO + OH > CH20 + O 9.035E+09 0.0 0.0

CH20 + OH > HCO + H20 I.I08E+14 0.0 0.0

HCO + H20 > CH20 + OH 8.553E+09 0.0 0.0

CH20 + H > HCO + H2 5.240E+12 0.0 0.0

HCO + H2 > CH20 + H 4.216E+09 0.0 0.0

M + CH20 > HCO + H 3.843E+08 0.0 0.0

HCO + H > CH20 + M 1.959E+16 0.0 0.0

HCO + 0 > CO + OH 1.0E+I4 0.0 0.0

CO + OH > HCO + O 1.144E+05 0.0 0.0

HCO + OH > CO + H20 1.0E+I4 0.0 0.0

CO + H20 > HCO + OH 1.265E+04 0.0 0.0

HCO + H > CO + H2 2.0E+14 0.0 0.0

CO + H2 > HCO + H 2.771E+05 0.0 0.0

M + HCO > H + CO 4.216E+I0 0.0 0.0

H + CO > HCO + M 3.628E+12 0.0 0.0

CO + OH > CO2 + H 5.360E+II 0.0 0.0

CO2 + H > CO + OH 2.289E+II 0.0 0.0

H2 + OH > H20 + H 1.807E+13 0.0 0.0

H20 + H > H2 + OH 1.807E+12 0.0 0.0

O + H2 > OH + H 7.228E+12 0.0 0.0

OH + H > O + H2 6.625E+12 0.0 0.0

H + 02 > OH + O 3.216E+12 0.0 0.0

OH + O > H + 02 1.385E+13 0.0 0.0

H + OH > H20 + M 2.104E+15 0.0 0.0

THIRDBODY

H20 16.7 END

M + H20 > N + OH 3.096E+03 0.0 0.0

THIRDBODY

H20 16.7 END

H + HO2 >2.0OH 1.554E+14 0.0 0.0

2.00H > H + HO2 6.023E+08 0.0 0.0

H + 02 > HO2 + M 1.930E+15 0.0 0.0

M + H02 > H + 02 2.168E+I0 0.0 0.0

OH + OH > O + H20 9.456E+12 0.0 0.0

O + H20 > OH + OH 1.205E÷12 0.0 0.0

AR

TIME

&prob rhocon=.true., tcon=.true., sencal=.true., print = 2.5E-5,

&end

&start t=2000.0, I>=6.729, &end

CH4 0.09172

02 0.18344

AR 0.72484



TABLE E. 1 .----Continued.

CO2 4 . 0494E-20

H2 4 . 0494E-20

END

&solver mf=21, emax=l.0E-3, atolsp=l.0E-12, &end

SENSVAR

ALLSP END

REAC

&senrxn sensaj=.true., allrxn=.true., &end

FINIS

FORMALDEHYDE OXID.: DOUGHERTY ET AL, J. CHEM PHYS, V71, P1794, 1979.

NEW

HCO + 02 > CO + HO2 6.02E+I0 0.

H02 + CH20 > H202 + HCO 3.43E+I0 0.

M + H202 >2.00}{ 4.01E+06 0.

CH20 + OH > HCO + H20 9.64E+13 0.

OH + H202 > H20 + HO2 3.07E+12 0.

H202 > H202W 1.05E+2 0.

H02 > HO2W 1.05E+I 0.

HO2 + HO2 > H202 + 02 1.81E+12 0.

CO + OH > CO2 + H 1.99E+II 0.

CO + HO2 > CO2 + OH 7.23E+08 0.

CH20 + H > HCO + H2 1.63E+12 0.

H + 02 > OH + O 3.32E+I0 0.

H + 02 > HO2 + M 3.63E+15 0.

M + HO2 > H + 02 2.83E+05 0.

O + H2 > OH + H 1.82E+II 0.

CH20 + O > HCO + OH 6.02E+13 0.

H + H202 > HO2 + H2 7.83E+II 0.

H + H202 > H20 + OH 3.55E+12 0.

O + H202 > OH + H02 6.02E+I0 0.

HCO > H + CO 4.60E-12 0.

H2 + OH > H20 + H 6.02E+12 0.

CH20 + 02 > HCO + HO2 1.75E+04 0.

H + H02 >2.0OH 3.01E+12 0.

}{02 + H > H20 + O 3.01E+13 0.

H + HO2 > H2 + 02 2,71E+13 0.

N2

TIME

&prob rhocon=.true., tcon=.true., sencal=.true., tiny=0.1,

print= 1.0E-06,5.0E-03, &end

&start t=952.0, 13=0.918066, &end

CH20 0. 009564

CO 0. 399833

02 0.179453

N2 0. 411150

END

&solver emax=l. 0E- 06, atolsp=l. 0E- 08, &end

SENSVAR

ALLSP END

REAC

&senrxn allrxn=.true., sensaj=.true., order=.true., &end

FINIS

WET CO OXIDATION: YETTER ET AL, COMB & FLAME, V59, PI07, 1985.

NEW

HCO + H > CO + H2

CO + H2 > HCO + H

HCO + OH > CO + H20

CO + H20 > HCO + OH

HCO + O > CO + OH

CO + OH > O + HCO

HCO + 02 > CO + HO2

CO + H02 > HCO + 02

CO + HO2 > CO2 + OH

CO2 + OH > CO + HO2

CO + OH > CO2 + H

CO2 + H > CO + OH

CO2 + O > CO + 02

CO + 02 > CO2 + O

H + 02 > OH + 0

OH + O > H + 02

O + H2 > OH + H

OH + H > O + H2

O + H20 > OH + OH

OH + OH > O + H20

H20 + H > OH + H2

OH + H2 > H20 + H

OH + H202 > H20 + HO2

H20 + HO2 > OH + H202

O + HO2 > OH + 02

OH + 02 > 0 + H02

H + H02 >2.0OH

2.0E+14

1.716E-3

1.0E+I4

3.656E-06

3.012E+13

2.867E-04

3.015E+12

2.590E+06

3.084E+09

1.777E-02

1.921E+II

7.890E+08

4.434E+02

8.492E+02

1.126E+II

1.385E+13

3.385E+II

3.831E+II

1.650E+I0

4.108E+12

7.709E+09

1.837E+12

3.632E+12

7.107E+06

2.168E+13

2.475E+02

1.126E+14

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.0

0.

0.

0.

0.

0.

0.0

0.

0.

0.

0.

0.

0.

0.

0.

0.

CASE 5

0_

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

CASE 6

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.0 103
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OH + OH > H + HO2 1.385E+05 0.

H + HO2 > H2 + 02 2.506E+13 0.

H2 + 02 > H + HO2 2.487E+02 0.

HO2 + OH > H20 + 02 1.313E+13 0.

H20 + 02 > HO2 + OH 5.529E-01 0.

02 + H202 >2.0H02 1.349E+05 0.

H02 + HO2 > 02 + H202 6.324E+12 0.

HO2 + H2 > H202 + H 1.403E+08 0.

H202 + H > H02 + H2 3.054E+II 0.

M + 02 > O + O 2.030E-08 0.

O + O > 02 + M 1.861E+14 0.

M + H2 > H + H 1.850E-05 0.

H + H > H2 + M 3.000E+15 0.

M + OH > O + H 1.807E-04 0.

O + H > OH + M 1.001E+I6 0.

M + H202 >2.00H 1.090E+08 0.

OH + OH > H202 + M 9.251E+15 0.

M + H20 > H + OH 3.012E-05 0.0

H + OH > H20 + M 1.157E+17 0.0

M + HO2 > H + 02 1.753E+06 0.

H + 02 > H02 + M 2.605E+15 0.

M + CO2 > CO + O 3.234E-08 0.

CO + O > C02 + M 9.069E+14 0.0

M + HCO > H + CO 2.777E+I0 0.

H + CO > HCO + M 3.210E+14 0.

N2

TIME

&prob rhocon=, true., tcon=, true., sencal=, true.,

print=l. 0E- 4,1.0E - 1,1.0E2, &end

&start t=ll00.0, p=l.0, &end

CO 0. 002

H2O 0.01

02 0.02 S

N2 0.96

END

&solver emax=l. 0E- 3, atolsp=l. 0E- 12, &end

SENSVAR

CO H2

END

INIT

HCO H OH O HO2 H202 END

REAC

&senrxn sensaj=.true., allrxn=.true., output=.false., order=.true.,
&end

FINIS

SIMPLE NONISOTHERMAL TEST CASE R>P

NEW

DUMR > DUMP 1 . 0 1 . 0

TIME PRESSURE

&prob pcon=.true., sencal=.true., senstd =. true.,

print=l. 0E- 06,1.0E - 04,1.0E- 02, &end

&start t=1000.0, p=l.0, &end

DUMR 1.00

END

&solver emax=l.0E-3, atolsp=l.0E-12, &end

INIT

ALL END

SENSVAR

ALL END

REAC

&senrxn sensaj=.true., sensnj=.true., sensej=.true., allz-xn=.true.,

&end

FINIS

HYDROGEN COMBUSTION IN STANDARD AIR AT 3.10 ATM.

NEW

CO + O = CO2 + M 5.8SSE+I5 0.

CO + 02 = CO2 + O 2. 512E+12 0.

CO + OH = C02 + H 4.169E+II 0.

CO + H02 = CO2 + OH 5.754E+13 0.

O + H20 = OH + OH 6. SE+I3 0.0

H + 02 = OH + O 1.89E+14 0.

O + H2 = OH + H 4.20E+14 0.

H + HO2 = H2 + 02 7.28E+13 0.

O + HO2 = OH + 02 5.0E+13 0.

HO2 + OH = H20 + 02 S. 0E+ 12 0.

H + HO2 =2.00E 1.34E+14 0.

H2 + HO2 = H202 + H 7 .91E+13 0.

OH + H202 = H20 + HO2 6. IE+I2 0.

HO2 + HO2 = H202 + 02 1.8E+12 0.

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

0.

0.0

CASE 7

0.0

CASE 8

4100.

47690.

i000.

22930.

18365.

16400.

13750.

2126.

i000.

0.

1070.

2500O.

1430.

0.
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H + H202 = OH + H20

M + H202 =2.00H

THIRDBODY

H2 2.30 02 .78 H20

END

H2 + OH = H20 + H

H + 02 = H02 + M

THIRDBODY

O2 1.30 N2 1.3 H20

END

M + H20 = H + OH

THIRDBODY

H2 4.00 02 1.5 H20

END

H + O = OH + M

M + H2 = H + H

THIRDBODY

H2 4.10 02 2.0 H20

END

M + 02 = 0 + O

H02 + NO = NO2 + OH

O + NO2 = NO + 02

NO + 0 = NO2 + M

NO2 + H = NO + OH

NO + O = N + 02

O + N2 = NO + N

NO + H = N + OH

M + N20 = N2 + O

0 + N20 = N2 + 02

O + N20 =2.0NO

N + NO2 =2.0NO

N20 + H = N2 + OH

NO2 + H2 = HNO2 + H

OH + NO2 = HNO3 + M

THIRDBODY

02 0.70 H2 1.4 END

OH + NO = HNO2 + M

HNO + H = H2 + NO

H + NO = HNO + M

HNO + OH = H20 + NO

7.8E+II 0. 0.

1.44E+17 0. 45510.

6.0 H202 6.6

4.74E+13 0. 6098.

1.46E+15 0. -I000.

21.3 H2 5.0

1.30E+15 0. 105140.

20.0 N2 1.5

7.1E+18 -i. 0.

2.2E+14 0. 96000.

15.0 N2 2.0

1.80E+18 -I. 118020.

2.09E+12 0.0 -477.

1.0E+I3 0.0 596.

5.62E+15 0. -1160.

3.47E÷14 0. 1470.

3.8E+9 1.0 41370.

1.8E+14 0. 76250.

2.63E+14 0. 50410.

6.92E+23 -2.5 65000.

1.0E+I4 0. 28020.

6.92E+13 0. 26630.

4.0E+12 0. 0.0

7.59E+13 0. 15100.

2.4E+13 0. 29000.

3.0E+15 0. -3800.

5.6E+15 0. -1700.

5.0E+12 0. 0.

5.4E+15 0. -600.

3.6E+13 0. 0.

AR

TIME PRESSURE

&prob sencal=.true., tiny=l •0E-7,

print = 1.0E-4, 1.8E-4, 2.0E-4, ct0=3.1, &end

&start t = 950.66, &end

H2 0.2952726

02 0.1476404

CO2 2.1140E-4

N2 0.5458075

NO 0.0045

AR 6.5681E-3

END

&solver emax= 1.0E-4, atolsp = 1.0E-13, &end

INIT

CO H2 02 HO2 H202
NO TEMP DENSITY

REAC

&senrxn sensaj=.true., sensej=.true., output=.false., order=.tr ue •,

rxnum=5.0,6.0,8.0, Ii. 0,17 • 0,18.0, &end

SENSVAR

CO CO2 OH H20 H2 NO TEMP END

FINIS
BENZENE-OXYGEN-AR SHOCK IGNITION - WITH SENSITIVITY MECHANISM K-70 CASE 9

NEW

C6H6

C6H6

C6H6

C6H6

C6H6

M

÷ 02 = C6H50 + OH

+ C6H5 = CI2HI0 + H

C6H6 = C6H5 + H

+ H = C6H5 + H2

+ O = C6H50 + H

+ OH = C6H5 + H20

+ C4H3 = C4H2 + H

C6H50 = C5H5 + CO

C6H5 + 02 = C6H50 + O

C6H5 + H02 = C6H50 + OH
C6H5 = C4H3 + C2H2

C6H5OH = C6H50 + H

C6HSOH + H = C6H6 + OH

C6H5OH + H = C6H50 + H2

C5H5 + C6HSOH = C6H50 + C5H6

C5H6 = C5H5 + H

C5H6 + 02 = C5H50 + OH

4.0E+13 0. 34000.

4.0E+II 0. 4000.

1.0E+I6 0. 108000.

2.5E+14 0. 16000.

2.783E+13 0. 4910.

2.132E+13 0. 4580.

1.0E+I6 0.0 60000.

2.51E+II 0. 43900.

2.1E+12 0. 7470.

2.0E+13 0. i000.

4.50E+13 0. 72530.

2.00E+16 0. 88000.

2.20E+13 0. 7910.

1.15E+14 0. 12405.

2.67E+14 0. 25227.

8.13E+24 -2.981 78682.

1.0E+I3 0. 20712.
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C6H5OH + OH

C6H5OH + H02

C5H50

C5H5 + 0

C5H5 + OH

C5H4OH

C5H5 + HO2

2.0C6H5

C4H5

C4H2 + O

C4H2 + OH

C4H2 + O

M + C2H4

C2H4 + OH

C2H4 + 0

C2H4 + O

C2H4 + OH

M + C2H3

C2H3 + 02

C2H3 + H

C2H3 + OH

C2H3 + CH2

C2H3 + C2H

C2H3 + O

CH2 + CH2
CH2 + CH2

CH2 + OH

CH2 + 0

CH2 + 02

M + C2H2

C2H2 + C2H2

C2H2 + O

C2H2 + O

C2H2 + OH

C2H2 + OH

C2H2 + C2H

C2H2 + CH2

M + C3H4

C2H20 + OH

C2H20 + OH

C2H20 + H

C2H20 + H
C2H20 + O

C2H20 + O

M + C2H20

C2HO + 02

C2HO + O

C2HO + OH

C2HO + H

C2HO + CH2

C2HO + CH2

2.0C2HO

C2H + OH

C2H + 02

C2H + O

M + CH4

CH4 + 02

CH4 + H

OH + CH4

O + CH4

CH3 + 02

CH3 + OH

M + CH30

CH30 + 02

CH30 + H

CH3 + CH3

CH3 + O

CH3 + CH20

C_3 + HCO

CH3 + HO2

M + CH20

CH20 + OH

CH20 + H

CH20 + 0

HCO + HO2

M + HCO

HCO + 02

HCO + OH

HCO + H

HCO + 0

CH + 02

CO + O

= C6H50 + H20

= C6H50 + H202

= C4H5 + CO

= C5H50

= C5H4OH + H

= C4H4 + HCO

= C5H50 + OH

= CI2HI0

= C2H3 + C2H2

= C2HO + C2H

= HCO + C3H2

= CO + C3H2

= C2H2 + H2

= C2H3 + H20

= CH3 + HCO

= CH20 + CH2

= CH3 + CH20

= C2H2 + H

= CH20 + HCO

= C2H2 + H2

= C2H2 + H20

= C2H2 + CH3

=2.0C2H2

= C2H20 + H

= C2H2 + H2

= C2H3 + H

= CH + H20

= CH + OH

= CO2 +2 .OH

= C2H + H

= C4H3 + H

= CH2 + CO

= C2HO + H

= C2H + H20

= C2H20 + H

= C4H2 + H

= C3H3 + H

= C3H3 + H

= CH20 + HCO

= C2HO + H20

= CH3 + CO

= C2HO + H2

= C2HO + OH

= CH20 + CO

= CH2 + CO

=2.0CO + OH

=2.0CO + H

=2.0HCO

= CH2 + CO

= C2H3 + CO

= CH20 + C2H

= C2H2 +2.0CO

= C2HO + H

= C2HO + O

= CO + CH

= CH3 + H
---- CH3 + H02

= CH3 + H2

= CH3 + H20

= CH3 + OH

= CH30 + O

= CH30 + H
= CH20 + H

= CH20 + H02

= CH20 + H2

= C2H4 + H2

= CH20 + H

= CH4 + HCO

= CH4 + CO

= CH30 + OH

= HCO + H

= HCO + H20

= HCO + H2

= HCO + OH

= CH20 + 02

= H + CO

= CO + H02

= CO + H20

= CO + H2

= CO + OH

= HCO + O

= CO2 + M

3.0E+13

3.0E+13

3.0E+16

1.0E+I3

1.0E+I3

1.0E+I5

2.0E+13

3.1E+12

1.4E+13

1.0E+I3

3.0E+13

1.2E+12

9.33E+16

4.786E+12

3.311E+12

2.512E+13

1.995E+12

3.0E+15

3.98E+12

6.0E+12

5.012E+12

3.020E+13

3.020E+13

3.3E+13

4.0E+13

5.012E+12

2.51E+II

2.0E+II

1.59E+12

4.169E+16

2.0E+12

1.6E+14

4.0E+14

6.310E+12

3.2E+II

3.0E+13

1.2E+13

2.0E+17

2.8E+13

7.5E+12

1.13E+13

7.5E+13

5.0E+13

2.0E+13

2.0E+16

1.46E+12

1.202E+12 "

1.0E+I3

5.0E+13

3.0E+13

1.0E+I3

1.0E+I3

2.0E+13

5.00E+13

5.012E+13

2.0E+17

7.943E+13

1.26E+14

2.5E+13

1.9E+14

4.786E+13

6.3E+12

5.0E+13

1.0E+I2

2.0E+13

1.0E+I6

1.288E+14

1.0E+I0

3.020E+II

2.00E+13

5.0E+16

3.0E+13

2.5E+13

3.5E+13

1.0E+I4

2.94E+14

3.311E+12

1.0E÷I4

1.995E+14

1.0E+I4

1.0E+I3

5.9E+15

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

.67

.68

0.

0.

0.

0.0

0.0

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.5

.5

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

1500.

15000.

0.

0.

22000.

0.

0.

32900.

0.

0.

0.

77200.

1230.

1130.

5000.

960.

32000.

-250.

0.

0.

0.

0.

0.

0.

0.

25700.

25000.

i000.

107000.

45900.

9890.

10660.

7000.

200.

0.

6600.

65000.

0.

3000.

3428.

8000.

8000.

0.

60000.

2500.

0.

0.

0.

0.

2000.

0.

0.

1500.

0.

88000.

56000.

11900.

5010.

11720.

29000.

0.

21000.

6000.

0.

32000.

2000.

6000.

0.

0.

81000.

1200.

3990.

3510.

3000.

15569.

7000.

0.

0.

0.

0.

4100.



TABLE E.1 .-.-.Concluded.

CO + 02

CO + OH

CO + HO2

O + H20
H + O2

O + H2

H + HO2
O + HO2

HO2 + OH

H + HO2

H2 + HO2
OH + H202

HO2 + HO2

H + H202

M + H202

THIRDBODY

H2 2.30

END

H2 + OH

H + 02

THIRDBODY

02 1.30

C6H6 20.0

M + H20

THIRDBODY

H2 4.00

CO2 4.00

H + 0

M + H2

THIRDBODY

H2 4 .i0

M + 02

= 002 + O 2.5E+12 0.

= CO2 + H 4.17E+II 0.

= CO2 + OH 5.75E+13 0.

= OH + OH 6.8E+13 0.

= OH + O 1.89E+14 0.

= OH + H 4.20E+14 0.

= H2 + 02 7.28E+13 0.

= OH + 02 5.0E+13 0.

= H20 + 02 8.0E+12

=2.0OH 1.34E+14 0.

= H202 + H 7.91E+13 0.

= H20 + HO2 6.1E+12 0.

= H202 + 02 1.8E+12 0.

= OH + H20 7.8E+II 0.

= OH + OH 1.44E+17 0.

02 .78 H20 6.0 H202

= H20 + H 4.74E+13 0.

= HO2 + M 1.46E+15 0.

C02 7.0 H20 21.3 H2

CH4 5.0 END

= H + OH 1.30E+15 0.

02 1.5 H20 20.0 C6H6

END

= OH + M 7.1E+18 -i.

= H + H 2.2E+14 0.

02 2.0 H20 15.0 END

= O + O 1.80E+18 -i.

AR

TIME

&prob iprint=50, rhocon =.true., sencal=.true., tiny=l.0E-7,

end=3.07 E- 4, &end

&start t= 1405.0, I>=2.3868, &end

C6H6 0. 01690

02 0. 12582

AR 0. 85728

END

&solver emax= 1.0E-4, atolsp = 1.0E-13, &end

SENSVAR

C6H6 C6H5 H20 CO C2H2 C6H5OH C5H6

DENSITY PRESSURE END

INIT

C6H6 OH AR TEMP DENSITY END

REAC

&senrxn sensaj=.true., sensej =. true.,

rxnum=l. 0,2.0,3.0,4.0,5.0,6.0,7.0, 8.0, i0.0, Ii.0,12.0,13.0,

14.0,15.0, 16.0,17.0,18.0,19.0,20.0,21.0, i01.0, I04.0, I16.0, &end

FINIS

47690.

i000.

22930.

18365.

16400.

13750.

2126.

i000.

0.

1070.

25000.

1430.

0.

0.

45510.

6.6

6098.

-I000.

20.0

0°

96000.

118020.

TEMP
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TABLE E.2.--SELECTED SENSITIVITY TEST CASE RESULTS

(a) Case 1

CC

_w DATA LINES W_

1 2 S _ S 6 7 B
_2$4_67_2_567_9_6789_67B_56789_2_67_9_12_6789_2_67_9_

SIMPLE TEST CASE A=B* NHANG, JT, PROC. NSC TAIHAN, PART 0, VB, P37, 1982. CASE l
SPECA > SPECB 1.OOE÷05
SPECB > SPECA 1.OOE÷OO

- BLANK LINE -
- BLANK LINE -

TIME
&prob rho¢on=.true., _con=.true., sencal=,true., senstd=.true.,

print=L.SE-O_,l.OE-OS,Z.OE-O2, &end
&start p=l.O. _=500.0, &end

SPECA 0.999001
SPECB 0.000999

END
&solvar emax=l.OE-06, atoLsp=O.O, &end

INIT
ALLSP END
SEI|SVAR
ALLSP END
REAC

&_onrxn sens_j=._rue., alLrxn=.true,, &and
FINIS

W_W THE FOLLOHING 1 ELEMENTS CONSIDERED FOR THIS PROBLEM WWW

A

_X_ THE FOLLOHING 2 REACTING SPECIES CONSIDERED FOR THIS PROBLEM w_

SPECA SPECO

_ NO INERT SPECIES CONSIDERED FOR THIS PROBLEM _

_ THERMODYNAMIC DATA, MOLECULAR HEIGHT AHD HEAT OF FORMATION AT 25 C _

SPECA MHT = 0.00099900 H(25 C) = 1.4907E÷05 CAL/MOLE

0.25161_7_E+01 O.OOOOBOOOE+OO O.O0000000E+O0 O.OOOOOOOOE_O0 O.O00OOOOOE÷O0 O.OOOOOOOOE÷O0 O.OOO00000E÷O0
O,25161_TqE+OL O.OOOOOOOOE+OQ Q.OOOOOOOOE÷OO O.OOO00OOOE+OQ O.O00BODOOE+O0 O.BOO000OOE÷OO O.OOQOOOOOE÷O0

SPECB MHT = 0.00099900 N(2S C) = 1,6907E+D5 CAL/MOLE
0.2516147_E÷01 O.O00OOOOOE_OO O.O0000000E÷O0 O.O00000OOE+OO O.O00DOOOOE+O0 O.OOO000OOE+O0 O.O00OOOOOE÷OO
0.25161_7_E+01 O,OOOOO000E÷O0 O.OOO000OOE÷OO O.O00OO000E+OO O.OOOOOOOOg÷O0 O.O0000000E+O0 O.0OOOOO00EeBO

REACTION
NUMBER

1
2

LENIS SENSITIVITY AND OENERAL KINETICS PROGRAM NASA LEHIS RESEARCH CENTER

SIMPLE TEST CASE A=B, HNANG, JT, PROC. NSC TAINAN, PART B, V6, PS7, 1982. CASE 1

REACTION

I_SPECA > ]_SPECB
I_SPECB > I_SPECA

REACTION RArE VARIABLES

A N ACTIVATION
ENERGY

1.OOOOOE÷O3 0.0000 0.00
1.O0000E÷OO O.OOO0 0.00

108



TABLEE.2.---Continued.
(a)Continued.

_W _ INPUT DATA GIVEN IN CGS UNITS _w _ OUTPUT REQUIRED IN COS UNITS _w

_N ASSIGNED VARIABLE PROFILE _

THIS IS A CONSTANT DENSITY PROBLEM - AN ASSIGNED VARIABLE IS NOT REQUIRED

THE TEMPERATURE HILL BE HELD CONSTANT FOR THIS CASE

NUMBER OF REACTING SPECIES_ 2

NUMBER OF INERT SPECIES, O

NUMBER OF SPECIES ODE'S REQUIRED FOR THIS CASE, 2

TOTAL NUMBER OF ODE'S REQUIRED FOR THIS CASE_ 2

INTEGRATION CONTROLS

21 MAXIMUM RELATIVE ERROR1 L.OOBOOE-D6

MAXIMUM NUMBER OF STEPS ALLOI_ED FOR THE COMPLETE PROBLEM1 ZOOD

_www SENSITIVITY ANALYSIS REQUIRED _wW

_w_ SENSITIVITY OF FOLLONING 2 VARIABLES HILL BE CALCULATED _

SPECB

_x_ SENSITIVITY HRT INITIAL VALUES OF FOLLONING 2 VARIABLES REQUIRED _w

5PECD

www CONSTANT TEMPERATURE CASE SO SENSITIVITY COEFFICIENTS HRT ONLY PREEXPONENTIAL FACTORS HILL DE CALCULATED X_w

NORMALIZATION FACTOR FOR AJ = AJ

_ SENSITIVITY COEFFICIENTS NRT RATE CONSTANT PARAMETERS REQUIRED FOR FOLLOHING 2 REACTIONS ww

INTEGRATION METHOD (MF),

SPECA

SPECA

SPECIES ABSOLUTE ERROR_ O.OOOOOE÷O0

1 2

_(w_ SENSITIVITY COEFFICIENTS OF FIRST-ORDER TIME DERIVATIVES ALSO REQUIRED _xw

_W OUTPUT REQUIRED AT FOLLOHING 3 PRINT STATIONS Wx

SIATION TIME (SEC)

I 1.50000E-O_

2 I,O0000E-03
3 2.OOOOOE-02
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TABLEE.2.---Continued.

(a) Continued.

TIME O.0000OE+00 SEC

FLON PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DENSITY

TEMPERATURE

(DEG K)
MASS FLON RATE
(G/SEC)

ENTROPY
(CAL/G/DEG K)

MACH NUMBER

GAMMA

ENTHALPY
(CAt/G)

SP. HEAT (CP)

(CAL/G/DEG K)

SPECIES CONCENTRATION HOLE FRACTION

(MOLES/CM_3)
SPECA 4.05821E-05 9.99001E-01
SPECB 4.058ZOE-OE 9.99000E-OQ

DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR HEIGHT 0,00100

ww INITIAL CONUITIOIIS W_

AREA 0.O0000E+O0 5Q CM

1.00000

O.O0

_.05821E-08

300.00

O.O0000E÷O0

2856S.1_8q

0.0000

1.6596

1.50150E÷06

5.OO500E÷OS

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CMX_S/SEC) NUMBER

-_.05820E-02 1
A.OSEZOE-DZ Z

O.O00QOE÷O0 RHO O,DOOOOE*O0

TOTAL ENERGY EXCHANGE RATE O.OO000E+O0
(CAL-CM_3/G_2/SEC)

AXIAL POSITION

INTEGRATION INDICATORS

STEPS FROM LAST PRINT

AVERAGE STEP SIZE

METHOD ORDER

TOTAL HUMBER OF STEPS

FUNCT EVALUATIONS

JACODIAN EVALUATIONS

RATE CONST NET REACTION CONV RATE
CGS UNITS (MOLE-CM_w3/G_2/SEC)

I.QOOOE+OS 2,_6_1_E+1S
I.O000E+O0 Z._6_I_E_O7

MASS FRACTION SUM

O.O0000E*O0 CM

0

O.OOO00E+O0

O

0

0

0

NET RATE/POSI-
TIVE DIR RATE

1.00000

1.00000

l.OOOOOOOO

CPU TIME FOR INITIALIZATION OF LSENS = O._90000 S

TIME Z.OOOOOE-02 SEC AREA O.O0000E+O0 SQ CM AXIAL POSITION

FLOH PROPERTIES INTEGRATION INDICATORS

PRESSURE 1.00000 STEPS FROM LAST PRINT

(ATMI
VELOCITY O.OO AVERAGE STEP SIZE

(CM/SEC)
DENSITY 4.05BIlE~OF METHOD ORDER

(G/CH_3)
TEMPERATURE SOO.O0

(DEG K)
MASS FLOH RATE O.O0000E÷O0 TOTAL NUMOER OF STEPS

(G/SEC)
ENTROPY ZOSOS.148A FUNCT EVALUATIONS

(CAL/G/DEG K)
MACH NUMOER 0.0000 JACOOIAN EVALUATIONS

GAMMA 1.6596

ENTNALPY I.SO150E÷06

(CAL/G)
SP, NEAT (CP) 5.00500E÷05

(CAL/G/DEG K)

CHEMICAL PROPERTIES

SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION RATE CONST HET REACTION COHV RATE
(NOLES/CM_3) RATE (MOLE/CM_xS/SEC) NUMBER CGS UNITS (HQLE-CM_WS/G_W2/SEC)

SPECA 4.0582ZE-OB 9.9900_E-0_ -1.0_065E-10 1 1,0000E_03 2.46615E÷10
SPECB _.Ofi821E-05 9,99001E-OL 1.04065E-10 2 1,0000E*00 Z.46_I_E+10

DERIVATIVES (CGS UNITS), T 0.0OOO0E+00 RNO O.Q00OOE+O0

MIXTURE MOLECULAR HEIGHT 0.00100 TOTAL ENERGY EXCHANGE RATE O,O0000E+O0 MASS FRACTION SUM
(CAL-CHx_5/GKW2/SEC)

O.00000E+O0 CM

105

O.IBI_IE-O3

5

lS5

153

15

NET RATE/POSI-
TIVE DIR RATE

1.00000
1.00000

l,O00OO000

COMPUTER TIME (CPU) REQUIRED, FOR THIS STEP - 2.00OO00E-OI S UP TO THIS TIME - 2,599999E-01 S
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TABLE E.2.---Continued.

(a) Concluded.

w_x_x SENSITIVITY CALCULATIONS w_e

TIME = 2.000000-02

SENSITIVIIY COEFFICIENTS DF O-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES

•_ SENSITIVITY TO INITIAL CONDITIOt|S _w

DZ(I)/DYZERO(J)_F(J)/ZII), HHERE Z(1) = O-ORDER TIME DERIV. OF Y(1), I=COLUMN, J=ROH
FIJ)= YZEROIJ) FOR YZERO(J) NOT EQUAL TO 0

= I.OE-_/{INITIAL MNT) FOR YZERO(J) = 0

PARAMETER SPECA SPECB

SPECA 9.990D-01 9.990D-01
SPE(;_ 9,900D-04 9.990D-04

_w_ tlORMALIZED SENSITIVITY COEFFICIENTS H.R.T THE PREEXPONENTIAL CONSTANTS _Www

DZ(1)/DA(J)_A(J)/Z(I) HHERE Z(I) = O-ORDER TIME DERIV. OF Y(I), I=COLOMN, J=ROH

_W_ NOTE, FOR CONSTANT TEMPERATURE PROBLEMS NORMALIZED SENSITIVITY COEFFICIENTS H.R.T. O(J) AND E(J) ARE

THE SAME AS THE NORMALIZED COEFFICIENTS H.R.T. AIJ) _

READ NUH SPECA SPECB

-9.990D-OI 9,990D-049.990D-01 -9.990D-04

_w_ SENSITIVITY CALCULATIONS _

TIME = Z.O0000D-02

SENSITIVITY COEFFICIENTS OF I-ORDER TIME DERIVATIVE OF DEPEt/DENI VARIABLES

W_w_ SENSITIVITY TO INITIAL CONDITIONS _

DZII)/DYZERO(J)_F(J)/Z(I), HHERE Z(I) = I-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=ROM
F(J) = YZERO(J) FOR YZERDIJ) NOT EQUAL TO 0

= 1.0E-_/(INITIAL MHT) FOR YZERO(J) = 0

PARAMETER SPECA SPECB

SPECA 9.972D-Ol 9,972D-01
SPECB -9.972D-07 -9.972D-07

xx_ NORMALIZED SENSITIVITY COEFFICIENTS H.R,T THE PREEXPONENTIAL CONSTANTS _wwa

DZ(I)/DAIJ)WA{J)/Z(II HHERE Z(1): I-ORDER TIME DERIV. OF YII), I=COLUHN, J=ROH

W_w_ NOTE, FOR COtlSTANT TEMPERATURE PROBLEMS NORMALIZED SENSITIVITY COEFFICIENTS H.R.T. N(J) AND E(J) ARE
THE SAME AS THE NORMALIZED COEFFICIENTS H.R.T. AIJ) _e_

REAC HUM SPECA SPECB

I -1.BOSD÷01 -1.BOBD+Ol
2 -1.908D-02 -1.908D-02

(LSENS) END OF THIS CASE

SUMMARY OF CUMPUTATIONAL HORK REQUIRED FOR PROBLEM,

TOTAL NO, OF STEPS - l_S
TOTAL NO. OF DERIVATIVE EVALUATIONS - 155
TOTAL NO. OF JACOBIAN EVALUATIONS - 15
TOTAL CPU TIME - 0.260000 S

HORK REQUIRED BY SENSITIVITY ROUTINE,

NO. STEPS = 155
NO. FUNC. EVAL. = 135
NO, JAC, EVAL. = Z55
TOTAL REAL SPACE USED = lO0
TOTAL INTEGER SPACE USED = A_

TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 0,920000 S

(LSENS) READ DATA FOR NEXT CASE
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TABLEE.2.---Cominued.

Co) Case 2

REACTION

I|UH§ER

I
2
3

LENIS SENSITIVITY AND GENERAL KIHETICS PROGRAM NASA LEHIS RESEARCH CENTER

SIMPLE TEST CASE A=B=C= HHANG ET AL, J. CHEM PHYS, V69, PSIBO, 1978. CASE 2

REACTION

I_DUMA • ]_DUNB
I_DUMB • IWDUHA
I_DUMB > 1WDUHC
I_DUHC • 1W_UMB

REACTION RATE VARIABLES
A N ACTIVATION

ENERGY

I.O0000E+O0 0.0000 O.O0
1.00000E+02 0.0000 O.O0
I.O000OE÷02 O.OOO0 O.O0
1.O0000E+O0 O.OOO0 O.OO

TIME O.O0000E+OO 5EC

FLON PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DENSITY
(G/CHiCS)

TEMPERATURE
(DEG K)

MASS FLON RATE
IG/SEC)

ENTROPY
(CAL/G/OEG K)

MACH NUMBER

GAMMA

EtlTHALPY
(CAL/G)

SP. HEAT (CP)
(CAL/G/DEG K)

SPECIES CONCEHTRATION HOLE FRACTION
(HOLES/CMxi3)

DUHA q. O6227E-05 I.OOOOOE+O0

DUHB O.O0000E_OO O.OOOOOEtO0
DUHC O.O0000E÷O0 O,OOOOOEtO0

DERIVATIVES (CGS UNITS)= T

HIXTURE MOLECULAR HEIGHT 1.00000

_ INITIAL CONDITIONS _

AREA O.O0000E+O0 SQ CH

I.O0000

O.O0

4.06227E-05

SOO.OO

O.OOOOOE+OO

ZB.51B9

O.O00O

1.6596

1.5000OE÷OS

5,000OOE+0O

CHEMICAL PROPERTIES

NET SPECIES PRODUCTIOH REACTION RATE CONST
RATE (HOLE/CRXW$/SEC) NUMBER CGS UNITS

-4.06227E-OB 1 I.OO00E+O0
_.06227E-05 2 ].O000EtO2

0.DD00OE+00 S 1,0000E¢O2
6 1,0000E+O0

O.00DOOE÷0Q RHO 0.OOOO0E+O0

TOTAL ENERGY EXCHANGE RATE 0.O00OOE+00
(CAL-CM_3/G_Z/SEC)

AXIAL POSITION O.OO00OE÷O0 CH

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O.O00OOE÷OO

METHOD ORDER 0

TOTAL NUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIONS 0

NET REACTION CONV RATE NET RATE/POSI-
(HOLE-CM_S/Gww2/SEC) TIVE DIR RATE

2._6168E406 1.OOOOO
O.O00OOEoO0 0,O0000
O.OOOOQE+O0 O.OOOOO

O.OO000E+O0 O.OOOOO

MASS FRACTION SUH 1.00000000

CPU TIRE FOR INITIALIZATION OF LSENS = 0.5_0000 S
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TABLE E.2.---Continued.

Co) Continued.

TIME 2.500OOE+OO SEC

FLOH PROPERTIES

PRESSURE
(ATH)

VELOCITY
(CM/SEC)

DENSITY

TEMPERATURE
(DEG K)

MASS FLON RATE
(G/SIC)

ENTROPY
(CAL/G/DEG K)

MACH NUMBER

GAMMA

ENTHALPY
(CAL/G)

SP, HEAT (CP)
(CAL/G/DEG K)

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CMX_S)

DUMA Z.1B775E-O5 5.SBSSSE-O1
DUMB 2.02103E-07 4.97512E-03
DUMC 1.B5_SOE-O5 _.56_70E-Ol

DERIVATIVES (CGS UNITS)_ T

MIXTURE MOLECULAR HEIGHT 1,00000

AREA O,00000E+00 SQ CM

1.00000

0.00

_.06227E-05

300.00

O,O00OOE÷OO

29.9_50

O.O000

1.6596

1.50000E+03

5.0O0O0E+00

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE CDNST
RATE (MOLE/CH_W3/SEC) NUMBER CGS UNITS

-1.66726E-06 1 1.O000E_OO
-_.50623E-13 Z 1.BOOOE+02

1.66726E-06 5 1.O000E+02
L.OOOOE÷OO

O.0OOOOE÷O0 RHO O,O0000E+OO

TOTAL ENERGY EXCHANGE RATE O.000O0E+Q0
(CAL-CM_W3/G_XZ/SEC)

AXIAL POSITION O.O0000E_O0 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 50

AVERAGE STEP SIZE O,_B60ZE-01

METHOD ORDER

TOTAL NUMBER OF STEPS 120

FUNCT EVALUATIONS 150

JACOBEAN EVALUATIONS 19

HET REACTION CONV RATE NET RATE/POSI-
(MOLE-CM_3/G_2/SEC) TIVE DIR RATE

1.32575E_0_ 1.00000
1.22_72E+0_ I.OOOO0

1.22_72E+0_ l.OOOOO
1,1Z_6BE_O_ 1.OOO00

MASS FRACTION SUM 1.00000000

COMPUTER TIME CCPU) REQUIRED= FOR THIS STEP - 1.300000E-O1 S UP TO THIS TIME - 5.099999E-01 5

_*u_w SENSITIVITY CALCULATIONS wKw_w

TIME = 2.5O00OD+00

SEHSITIVITY COEFFICIENTS OF 0-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES

WN_W NORMALIZED SENSITIVITY COEFFICIENTS H.R,T THE PREEXPONENTIAL CONSTANTS XK_W

DZ(I)/DA(J)WA(J)/Z(1) HHERE Z(1) = O-ORDER TIME DERIV. OF Y(I), I=COLDMN, J=RON

w_w_ NOTE= FOR CONSTANT TEMPERATURE PROBLEMS NORMALIZED SENSITIVITY COEFFICIENTS N.R.T. N(J) AND E(J) ARE
THE SAME AS THE NORMALIZED COEFFICIENTS N.R.T. A(J) _w_

REAC HUM DUMA DUMB OUMC

1 -5.2179-01 5.3BSD-O1 6.0979-01

2 _,261D-01 -4.975D-01 -4.973D-01
5 -;.ZlSO-01 -;.975D-01 5,027D-01

$.266D-01 _.563D-01 -3.903D-01
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TABLEE.2.---Continued.
Co)Concluded.

TIME 4.50000E÷00 SEC AREA O.OOO00E+O0 Sq CM AXIAL POSITION

FLON PROPERTIES INTEGRATION INDICATORS

PRESSURE 1.00000 STEPS FROM LAST PRINT
(ATM)

VELOCITY C.O0 AVERAGE STEP SIZE

(CM/SEC)
DENSITY 6,06227E-05 METHOD ORDER

(G/CM_3)
TEHPERATURE 500.00

(DEG K)
MASS FLON RATE O.OOOOOE÷OO TOTAL NUMBER OF STEPS

(G/SEC)
ENTROPY 29.9516 FUNCT EVALUATIONS

(CAL/G/DEG K)
MACH NUMBER 0.0000 JACOBIAN EVALUATIONS

GAMMA 1.6596

ENTNALPY 1.SOOOOE+O5
(CAL/G)

SP. HEAT (CP) 5.0OBOOE÷O0
(CAL/G/DEG K)

CHEMICAL PROPERTIES

SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTIOIi REACTION RATE CONST NET REACTION CONV RATE
(MOLES/CMxWS) RATE (MOLE/CMX_3/SEC) NUMBER CGS UNITS (MOLE-CM_3/G_Z/SEC)

DUMA 2.04359E-05 5.0SO67E-OI -2.2565SE-07 i 1.000OE÷00 I.ZS839E+O_
DUMB 2.02103E-07 4.97512E-05 -1.02183E-12 2 1.OOOOE+O2 1.22472E+04
DUHC 1.99866E-05 6.91958E-01 2.25656E-07 3 1.DOOOE+O2 1.22672E+04

6 I.OOOOE+OO 1.ZllO4E+04

DERIVATIVES (CGS UNITS)= T O.OOO00E÷OO RHO O,OOOOOE÷OO

MIXTURE MOLECULAR HEIGHT L.OOOOO TOTAL ENERGY EXCHANGE RATE O.OOOOOE÷OO MASS FRACTION SUM
(CAL-CMX_3/G_2/SEC)

O.O000Og÷O0

14

0.16637E÷00

5

134

166

20

CM

NET RATE/POSI-
TIVE DIR RATE

1,00000
1.OOOOO
Z.O00OO
L.OOOOO

I.OOOOOOOO

-- COMPUTER TIME (CPU) REQUIRED= FOR THIS STEP - 3.999996E-02 S UP TO THIS TIME - S.699999E-01 S

Exxon SENSITIVITY CALCULATIONS _xwx

TIME = 6.SOO00D÷O0

SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES

_W_W NORMALIZED SENSITIVITY COEFFICIENTS W.R.l THE PREEXPONENTIAL CONSTANTS _w_

DZ(I)/DA(J)WA(J)/Z(I) NHERE Z(I)= O-ORDER TIME OERIV. OF Y(I), I=COLUMN, J=ROH

_W_ NOTE= FOR CONSTANT TEHPERATURE PROBLEMS NORMALIZED SENSITIVITY COEFFICIENTS H.R.T. N(J) AHD E(J) ARE
THE SAME AS THE NORMALIZED COEFFICIENTS N.R.T. A(J) _w_

REAC NUM DUMA DUMB DUMC

I -S.163D-O1 5.O3ID-Ol 5.229D-01
2 4.914D-01 -6.97SD-OL -4.975D-01
3 -4.B65D-OI -6.975D-01 S.025D-OI
4 6,6170-01 4.919D-0I -4.771D-01

(LSENS) END OF THIS CASE

SUMMARY OF COMPUTATIONAL NORK REQUIRED FOR PROBLEM=

TOTAL No. OF STEPS - 13_
TOTAL NO. OF DERIVATIVE EVALUATIONS - 166
TOTAL NO. OF JACOBIAN EVALUATIONS - 20
TOTAL CPU TIME - 0,350000 S

HORK REQUIRED BY SENSITIVITY ROUTINE=

NO. STEPS = 134
NO. FUND. EVAL. = 134
NO. JAC. EVAL. = 1S6
TOTAL REAL SPACE USED =
TOTAL INTEGER SPACE USED =

144
46

TOTAL CPU TIME (INCLUDING I/0) REQUIRED = 0,8_0000 S

(LSENS) READ DATA FOR NEXT CASE
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REACTION
NUMBER

I
2

3
4
5

I_CZH6

l_H

TABLE E.2.---Continued.

(c)Case 3

LEHIS SENSITIVITY AND GENERAL KINETICS PROGRAH

ETHANE PYROLYSIS, RRAMER ET AL. APPL MATH MODELLING, V5, P_32, 1981. CASE 3

REACTION REACTION RATE VARIABLES
A N

1_C2H6 > 2_CH3 1.20000E+12 0.0000

÷ IXCN3 > 1_C2H5 + 1KCH4 8.0IO00E_OS 0.0000
I_CZH5 > l _C2N4 + IWH 3.00000E+11 0.0000

÷ I_CZH6 > I_C2HS + lJ(H2 1.30000E÷II 0,0000
2J(H > l_N2 6.990QOE÷13 0.0000

NASA LENI$ RESEARCH CENTER

ACTIVATION
ENERGY

59218.00

11943.00
3497_.00
8982.00

0.00

TIRE O.O00OOE+O0 SEC

FLOH PROPERTIES

PRESSURE 0._5070
[ATM)

VELOCITY O.O0
[CM/SEC)

DENSITY 1.78937E-0_

(G/CM_w3)
TEMPERATURE 925.00

(DEG K)
MASS FLON RATE O.OOO00E+O0

(G/SEC)
ENTROPY 2.6117

(CAL/G/DEG K)
MACH NUMBER 0.0000

GAMMA 1.0762

ENTHALPY -2.27762E+02
(CAL/G)

SP, HEAT (CP) 9.33015E-01

(CAL/G/DEG K)

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CM_3)

C2H6 5.95080E-06 I,OO000E+O0
CHS O.O0000E+O0 O,OOOOOE+O0
C2H5 O.O0000E+O0 O.O0000E+O0
CH_ O.O0000E_O0 O.OO000E+O0
C2H4 O.O0000E+O0 O.O0000E÷O0

H O.OOOOOE+O0 O.O0000E÷O0
H2 O.OOOOOE+O0 O.O0000E÷O0

DERIVATIVES (CGS UNITS)= T

MIXTURE MOLECULAR HEIGHT 50.06940

_w INITIAL CONDITIONS WE

AREA O.OO000E÷O0 SO CM
AXIAL POSITION O.O0000E+O0 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O.O0000E+O0

METHOD ORDER O

TOTAL HUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOEIAN EVALUATIONS 0

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE CONST
RATE (MOLE/CM_3/SEC) NUMBER COS UNITS

-6.79204E-08 l I.I_I_E-O2
1.35841E-07 2 I.I90SE+06
O.O00OOE÷O0 3 1.5700E+03
O.O00OOE÷O0 _ 9.70SBE+OB
O.O0000E+O0 5 6.9900E÷15

O.O0000E÷O0
O.O0000E÷O0

O,OOO00E+O0 RMO O,OOOOOE÷O0

TOTAL ENERGY EXCHANGE RATE 1.902_4E÷05
(CAL-CMX_3/G_W2/SEC)

HET REACTION CONV RATE NET RATE/POSI-
(MOLE-CMx_S/G_W2/SEC) TIVE DIR RATE

2.12129E+00 l.OOOO0
O.O0000E+O0 0.00000
O.QO000E+O0 0.00000
O.OOOOOE+O0 0.00000

O.OOOOOE+O0 0,00000

MASS FRACTION SUM 1.00000000

CPU TIME FOR INITIALIZATION OF LSENS =

TIME 2.00000E+O1 SEC

FLOH PROPERTIES

PRESSURE
(ATR)

VELOCITY
(CM/SEC)

DENSITY
(G/CMW_3)

TEMPERATURE
(DEG K)

MASS FLOH RATE

(G/SEC)
ENTROPY

(CAL/G/DEG K)
MACH NUMBER

GAMMA

ENTMALPY
ICAL/G)

SP, HEAT (CP)
(CAL/G/DEG K)

AREA O.O0000E+O0 SO CM

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CM_J3)

CZH6 1.9IO06E-06 2.07526E-01
CH3 1,91739E-08 2.OBSZ2E-03
CZH5 ;.86335E-11 5.28396E-06
CH_ 1,57517E-06 1.71141E-01
C2N4 3.24552E-06 3.52406E-01
H 1.76611E-11 1.91886E-06

H2 2.45595E-06 2.66837E-01

DERIVATIVES (CGS UNITS)= T

MIXTURE MOLECULAR HEIGHT 19._4135

0.69709

0.00

1.78937E-04

923.00

O.O0000E+OO

3.5191

O.OOOO

1.1225

3.18711E+02

9.S6808E-01

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE CONST
RATE {MOLE/CM_WS/SEC) NUMBER CG5 UNITS

-9.BlS39E-08 1 1.141_E-02

-1.46091E-15 2 1.1905E÷06
-2.53404E-12 3 1.5700E+03

_.36015E-08 4 9.708BE+08
7.63556E-ON 5 6.9900E÷13

-1.578_7E-12
5.45544E-08

O.OOO00E+O0 RND O.OOO00E÷O0

TOTAL ENERGY EXCHANGE RATE 6.68713E+04
(CAL-CM_S/G_2/SEC)

0.730000 S

AXIAL POSITION

INTEGRATION INDICATORS

STEPS FROM LAST PRINT

AVERAGE STEP SIZE

METHOD ORDER

TOTAL NUMBER OF STEPS

FUMCT EVALUATIONS

JACOBIAN EVALUATIONS

NET REACTION CONV RATE
(MOLE-CM_3/G_Z/SEC)

6.80881E-01
1.36176E+00
Z.38_74E+O0
1,02290E+00
6,80945E-01

MASS FRACTION SUM

O,O0000E+O0 CM

31

B.6Z65AE÷O0

S

93

13_

ZO

NET RATE/POSI-
TIVE DIN RATE

1.O00OO

I.O0000
1.00000
1.00000
l.OOOO0

0.99999982

UP TO THIS TIME - 5-IO0000E °Ot S 115
COMPUTER TIME (CPU) REQUIRED= FOR THIS STEP - 1.599998E-01 S



TABLE E.2.---Continued.

(c) Concluded.

_X_WX SENSITIVITY CALCULATIONS w_xwx

TIME = 2.O0000D÷Ol

SENSITIVITY COEFFICIENTS OF 0-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES

_w SENSITIVITY TO INITIAL CONDITIONS w_x

DZ(I)/DYZERO(J)_F(J)/Z(I), HHERE Z(I)= 0-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=RON
F(J)= YZERO(J) FOR YZERO(J) NOT EQUAL TO 0

= Z.0E-A/(INITIAL MNT) FOR YZERO(J) = 0

PARAMETER CZH6 CH5 C2H5 CH_ C2H_ H H2

C2H6 7.919D-01 -5.A90D-O8 9.6179-01 9.I06D-OI ].I_7D÷OO 5,959D-01 1.225D÷00

TEMP -2.8_9D÷01 2.577D+01 -2.620D+01 1.DB7D+O1 1.187D÷01 1,900D+00 9.SIID+O0

_ww_ NORMALIZED SENSITIVITY COEFFICIENTS N.R.T THE PREEXPONENTIAL CONSTANTS Wwwx

OZ(I)/DA(J)WA(J)/Z(I) HNERE Z(I)= D-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=ROH

_w_w NOTE. FOR CONSTANT TEMPERATURE PROOLEMS NORMALIZED SENSITIVITY COEFFICIENTS N.R.T. N(J) AND E(J) ARE
THE SAME AS THE NORMALIZED COEFFICIENTS N.R.T. A¢J) _JN

REAC MUM C2H6 CH$ C2H5 CH4 C2H4 M HZ

1 -B.196D-OI 1.0000+00 -2.099D-01 6.4339-01 3.235D-01 9.020D-02 2.210D-01
2 -4.71BD-03 -I.O00D+O0 -5.729D-03 6.BBBD-03 4.061D-03 -2.359D~03 3.1550-0S

(LSEN5) END OF THIS CASE

SUMMARY OF COMPUTATIONAL HORK REQUIRED FOR PROBLEM,

TOTAL NO. OF STEPS - 95
TOTAL NO. OF DERIVATIVE EVALUATIONS - 15_
TOTAL NO. OF JACOOIAN EVALUATIONS - 20

TOTAL CPU TIME - 0.510000 S

NORK REQUIRED BY SENSITIVITY ROUTINE=

NO. STEPS = 93

NO. FUHC. EVAL, = 93
NO, JAC, EVAL, = 93
TOTAL REAL SPACE USED =
TOTAL INTEGER SPACE USED =

42_

56

TOTAL CPU TIME (INCLUDING I/O) REQUIRED = l._O0000 S

CLSENS) READ DATA FOR NEXT CASE
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TABLE E.2.---Continued.

(d) Case 4

REACIION
NUMBER

1

2
3
4

5
6
7
8
9

10
n
12
1$
}4
15
16
17

]8
19
2o
21
2;'
25
2:,
25
26
Z7
20

29
5o
31
52
53

55
36
37

55
59
4o
41
(,2

45
44

HCH20

LEHIS SENSITIVITY AND GENERAL KINETICS PROGRAM NASA LENIS RESEARCH CENTER

CH_-O2-AR SHOCK IGNITION= BONI & PENNER, COMB SCI & IECH, VZS, P99, 1977. CASE 4

N
l_tl

1XOH
1xCH3
I_H
1ECM_
1NO

linCH5
1wCH5
IWCH20
1XCH3
1XCH20
1XCH20
1XHCO

1XCH20
ll(NCO
1XCH20
1EHCO

M
IEHCO
1XHCO
IECO

1;(NCO
l_(CO
IEHCO
1ECO

14
1;(1t
l_C0

1_(C02
1WH2
IEH20
]_G
lEON
1XH
I_OH

IXH
H

I_H

IEH
H

1i(O

REACTION
REACTION A

÷ 1_CH4 > I_CHS + [EH 4.33700E*07
÷ I_CN3 > I_CH4 + M 1,10600E+17

÷ IECH4 > I_CH3 + IEH20 2,59000E÷13
÷ I_HZQ > l_OH + I_CN_ 1.04800E÷11
÷ 1wCH4 > I_CH3 + |EH2 1.90800E+13
+ I_HZ > IwH + IECH4 _.07100EtlI
÷ 1ECH_ > l_CNS + I_OH 2.16800E_]2

÷ l_OH > 1_0 + I_CH6 6,62500E+10
+ lEO > I_CHZO + I_H I,O0000E+14
÷ I_H > leCH3 + lEO 5.30000E+07
+ 1E02 > l_CX20 + IEOH 2.00000E+10
+ I_OH > 1ECH3 + 1E02 _.35700E+04
+ lEO > ]_HCO + I_OH 1.5_00E+13
+ 1WOH > I_CH20 + l_O 9.05500E+09

+ lxOH > I_HCO + 1EHZO 1,10800E+14
+ 1_H20 > I_CHZO + 1EOH 8.55500E÷09
+ I_H > IEHCO + I_HZ 5.24000E+12
+ 1EH2 > 1ECH20 + ]EH 4.21600E+09
+ I_CH20 > I_HCO +' I_H 3.8_$00E+08
+ l_N • 1_CH20 + M 1,95900E_16
+ lxO • 1EGO + IEOH l.O000OE+lq
+ I_OH • I_HCO + lEO 1.14400E_05

+ I_OH > I_CO + 1EN20 1.O0000E_I_
+ 1_H20 • 1WHCO + I_OH 1.26500E+04
+ I_H • l_CO + I_HZ 2.00000E+lq

l_H2 • I_HCO + I_H 2.77100E+05+
+ lXHCO • I_H + 1_C0 4.21600E_10
+ I_CO • I_HCO + H 3.62800E_12
+ I_OH • 1_C02 ÷ I_H 5.36000E+11

+ I_H • I_CO ÷ I_OH 2.28900E+11
+ 1EOH • 1_H20 ÷ I_H 1.80700E÷13
÷ I_H • l_N2 + I_OH 1.80700E+12
+ 1EiI2 > I_OH * I_H 7.22800E+12
+ let! > l_O + 1EH2 6.62500E+12
+ 1_02 > I_OH + 1_0 3.21600E'12

+ l_O • I_H + 1_02 1.3_500E+13
+ I_OH • IwH20 + M 2.10_00E_15
+ IWN2O > 1WH + I_OH 3.09600E÷03
+ 1EH02 > 2EOH 1.55400E+14

2_0H > }wN + 1_H02 6.02300E+08
1_02 • l_H02 + M 1.95000E+15+

+ IEH02 • I_H + IE02 2.16BOOE+IO
2_OH > 1_0 + I_H20 9.45600Et12

+ l_H20 • 2_OH 1.20500E+IZ

RATE VARIABLES
N

0.0000
0.0000
0.0000
0.0000

O.0000
0,0000
0.00o0
0.0000

0,0000
0.0000
0.0000
0.0000
0.0000
0.0000

0,0000
0,0000
0,0000
0,0000
0.0000
0.0000
0.0000
0,0000
0.0000
O.0000

0.0000
0,0000
0.0000
0.0000
0.0000
Q.O000
o.0000

0.0000
o.0ooo
0.0000
O.OOO0

0.0000
0.0000
0,0000
0.0000

0.0000
0.0000
0.0000
O.OOO0
0.0000

ACTIVA[ION
ENERGY

0.00
0,00

0.00
0.00
0,00

0.00
0.0O
0.00
0.00
0,00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0,00

D.O0
0.00
0,00
O.OO
0.00
0.O0
0.00
0,00

0.00
0,00
0.00
0.OO
0.00
0.00
0.00

0.00
0.00
0.00
0,00

0_00
0.00
0.00
0.00

0.00
0.00
0.00

ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLOHING

• 37) = 16,70000 M(H20 • 38) = 16.70000
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TABLE E.2.--Continued.

(d) Continued.

TIME O.DOOOOE+OO SEC

W_ INITIAL CONDITIONS ww

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DENSITY

(G/CMWW5)
TEMPERATURE

(BEG K)
MASS FLON RATE

(G/SEC)
ENTROPY

(CAL/G/DEG K)
MACH NUMDER

GAMMA

ENTHALPY
ICAL/G)

SP. HEAT (CP)
¢CAL/G/DEG K)

AREA O.BOOOOE+OO SQ CM AXIAL POSITIOH O,O0000E÷O0 CM

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CMwWS)

CH4 3.76075E-06 9,17200E-OZ
CHS O.O0000E÷OO O.OOOOOE÷OO

H O.O0000E+O0 O,OOOOOE+OO
OH O,OO000E÷O0 O.OOOOOE+O0
HIO O.OOOOOE÷O0 O.OOO00E÷OO
H2 1.66035E-24 4.0_940E-20
0 O,OOOOQE+QD D.OQQQOE÷OO
CHZO O.O000OE÷O0 O.OOOOOE÷O0

02 7.52150E-06 I,SS440E-O1
HCO O.OOOOOE÷OO O.OOOOOE÷O0
CO O.OOOOOE÷O0 O,OOOOOE+O0
C02 1.B6035E-24 4.0_940E-20
HO2 O,OO000E+OB O.OOO00E+O0

AR 2.97202E-05 7.2_8_0E-01

6.72900

o.od
I.SBSZSE-OS

20OO,O0

O.OOOOOE+OO

1,STSO

O.O000

1.5655

2.71187E÷02

2,O_545E-OZ

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O.OOO0OE÷O0

METHOD ORDER 0

TOTAL NUMBER OF STEPS 0

FUHCT EVALUATIONS 0

JACOBIAN EVALUATIONS 0

CHEMICAL PROPERTIES

DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR HEIGHT 56,29729

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CMWWS/SEC) NUMBER

-6.68765E-03 1

6.68765E-0S 2
6.68765E-03 S
O.OOOOOE+O0
O.OOOOOE+OO 5
O.O0000g+OO 6
Q.OOOOOE+QO 7
O.OOO00E+OO S

O.OOOOOE+OO 9
O.O00OOE+OO 10
O.O00OOE+O0 11
O.O00OOE÷OO 12
O.O0000E÷OO 15

O.OOOOOE+O0 14
15
16
17
18
19
20

21
22
23
24
25

26
27
28
29
50
51

52
3S
3_
35
36
57
38
39
40

41
42
43

RATE CONST NET REACTION CONY RATE NET RATE/POSI-
CGS UNITS (HOLE-CMW_3/GWW2/SEC) TIVE DIR RATE

4.$570E+07 S.01951E÷03 I,O0000

1.1060E+17 O.O0000E*O0 O.O0000
2.5900E+13 O.O0000E+O0 O.OOO00
1.04BOE+ll O.O000OE+O0 O.OOOO0
1.9880E+13 O.O00OOE+OO O.O0000
8.0710E411 O.O00OOE+O0 O.OO000
2.I680E+12 O.OOOOOEsO0 0.00000
6.6250E÷10 O.O00OOE+OO 0.00000

1,OOOOE÷14 O.OOOOOE+O0 O.OOO00
S.3OOOE÷07 O.O0000E+O0 0.00000
2.0000E+IO O.O0000E+OB 0.00000
_.5570E+O_ O.O0000E+O0 O.O00OO
1.58_OE+13 O.O0000E÷O0 O.O0000

9.0550E409 O.O00OOE+O0 0.00000
I.I080E+I_ O.OOO00E+O0 O.OOOO0
8.5550E÷09 O.OOOOOE÷O0 O.O0000
5.2_00E÷12 O.0000OE+O0 O.OOO00
_.II6OE+O9 O.OOOOOE+O0 O.OOOO0
5.8430E+OB O.OOOOOE+OO O.O00OO
1.9590E+16 O,OO00OE+OO 0.00000

1.OOOOE+L4 O.OOOOOE÷OO O.OOOO0
I.l_40E+05 O,OOOOOE+OO 0.00000
I,OO00E÷I_ O.O00OOE+OO O.O0000
1.2650E÷0_ O.00000E+OO O.OOOO0

2.0000E+1_ O.O0000E÷OO 0,00000

2,7710E+05 O.O0000E+O0 0.00000
_.2160E+IO O.O0000E+O0 O.OO000
3.6280E+I2 O.OOO00E÷O0 O.OOO00
5.S600E+II O.OOO00E+O0 O,OOBO0

2.2S90E÷I1 O.OOOOOE+O0 O.O0000
1.8070E+I3 B.OOOOOE+O0 0.00000
).807BE+]2 O,O0000E+O0 0,00000
7.2280E+12 O.O0000E+O0 O.O0000
6.6250E÷12 O.O0000E÷O0 0.00000
3.2160E+12 O,OOOOOE÷OO 0.00000
1.5850E+I3 O.OOOOOE+OO O.OOO00
2.]O_OE+I5 O,OBOOOE+O0 O.OOO00
S,096BE+05 O.O0000E+O0 O.O0000
1.5S_OE+I_ O,O0000E+O0 O.O0000

6.0230E+08 O.O000OE+O0 O.OO000
1.9300E+15 O.OOO00E+O0 0.00000
2.1680E+10 O.O0000E÷O0 0.00000
9.4560E+12 O.OOOOOE+O0 0.00000
1.2050E+12 O.DOOOOE+O0 O.OOOOO

O.O0000E+O0 RHO O,O000OE+O0

TOTAL ENERGY EXCHANGE RATE S.16_88E+B_
CCAL-CMW_3/G_W2/SEC)

MASS FRACTION SUM 1.OOOOOOQO

CPU TIME FOR INITIALIZATION OF'LSENS = I.l_OOOO S
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TABLE E.2.---Continued.

(d) Continued.

TIME 2.50000E-05 SEC

FLON PROPERTIES

PRESSURE 6.85904
(ATM)

VELOCITY 0.00
(CM/SEC)

DENSITY 1.48828ELO3

TEMPERATURE 2000.00
(DEC K)

MASS FLON RATE O.O0000E÷O0

(G/SEC)
ENTROPY 1._038

(CAL/G/DEG K)
MACH NUMBER 0.0000

GAMMA 1.3809

ENTHALPY Z.Z0707E+0E
(CAL/G)

SP. IIEAT (CP) 2.01718E-01
(CAL/G/DEG K)

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CM_W3)

CH_ Z.33149E-06 5.59_72E-02
CH3 3.51582E-07 8.43670E-03

"H 3.39090E-09 8.13694E-05
OH 1.75717E-09 4.21658E-05
HEO 1.44637E-06 S.47076E-OZ
H2 4.82420E-07 1.15765E-OZ
O 1.2AZ25E-09 2.98095E-05
CH20 3.82100E-07 9.16900E-03
02 6.25565E-06 1.50113E-01

HCO $.41967E-08 8.20397E-04
CO 6.59063E-07 1.58151E-02
C02 Z.SZO_6E-09 5.56826E-05
H02 1.16503E-09 2.79566E-05

AR 2.9720ZE-OS 7.13178E-01

DERIVATIVES (COS UNITS)= T

MIXTURE MOLECULAR HEIGHT 35.71319

AREA O.00000E+00 sq CM AXIAL POSITION O.OOO00E+O0 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 9Z

AVERAGE STEP SIZE 0.28285E-06

METHOD ORDER 3

TOTAL NUMBER OF STEPS 9Z

FUNCT EVALUATIONS 125

JACOBIAN EVALUATIONS Z1

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CM_X3/SEC) NUMBER

-7.80_58E-02 1

-9.61705E-03 2
2.25868E-04 3
1.05282E-04 4
1.37114E-01 5

S.94366E-OZ 6
8.06246E-05 7

-6.569ASE-03 8
-1.128SOE-01 9

7.02750E-04 10
9.Z9106E-02 11
6.1893qE-04 12

3.96000E-05 13
O.O0000E÷O0 14

15
16
17

18
19
20
21
22

23
24
25
26

27

28
29
3O
Sl

32
33
34
35

36
37
36
39
_0

_2

43

RATE CONST NET REACTION CONV RATE NET RATE/POSI-
CGS UNITS (MOLE-CM_S/G_2/SEC) TIVE DIR RATE

_._570E+07 1.902_4E+03 1.00000
1.1060E+17 Z.48077E÷03 1.00000 ,
2,5900E÷13 4.79050E÷04 1.00000
1,0480E+11 2.40603E÷04 1.00000

1,9880E÷]3 7.09575E÷0_ 1.00000
8.0710E÷11 6.18046E+04 1.00000
2.1680E+12 2.83488E÷03 I.O0000
6.6250E÷10 1.84783E÷01 1.00000
1.0000E+14 1.97183E÷0_ 1.00000
5.3000E÷07 5.10020E-02 1.00000

2.0000E÷IO 1.98592E+04 1.00000
4.3370E+04 1.51466E-05 1.00000
1.5840E+13 3.394_9E+03 1.00000
9.0350E÷09 2.45110E-01 1.00000

1.1080E÷14 3.55865E+0_ 1.00000
8.5530E+09 1.90992E÷02 I.O0000
5.2400E÷12 5.06519E+03 1.O0000
4.2160E+09 3,14016E+01 1.00000

3.8430E+08 2.76271E+03 1.O0000
1.DSDOE÷16 4.27388E÷01 1.00000
1.0000E+14 1.91791E+03 1.00000
1.1440E+05 5.98138E-05 1.00000
I.O000E÷I4 2.71289E+03 1.00000

1.Z650E+04 5._4_14E-03 1.00000
2.0000E÷14 1.OqTOqE+04 l.O000O
2,7710E÷05 3.97768E-02 1.00000
_.2160E+XO 2.71252E÷OA 1.00000

5.6280E+12 1.525_5E-01 1.00000

S.S600E÷I1 2.80246E+02 I,O0000
2.2890E+11 8.15147E-01 1.00000
1.8070E÷13 6.91575E+03 1.00000
1.8070E+12 4.00116E+03 1.00000

7.2280E+12 1.95566E+03 1.00000
6.6250E÷12 1.78217E+01 1.00000
3.2160E÷12 3.07991E+0_ 1.00000
1,3850E+13 1.36_92E+01 1.00000
2.1040E÷15 3.6_390E-01 l.O0000
3.0960E+03 1.30158E-01 1.0o000
1.55_0E÷14 2.77165E+02 1.00000

6.0230E÷08 8.39606E-0_ 1.00000
1.9300E÷15 7.70253E+02 1.00000
2.1680E÷10 4.75210E+02 1.00000
9.4560E÷12 1.31817E+01 1.00000
1.2050E÷12 9.77_82E+02 1.00000

O.O0000E+O0 RHO O.O00OOE+O0

TOTAL ENERGY EXCHANGE RATE -_.13916E÷09
(CAL-CM_S/G_E/SEC)

MASS FRACTION SUM 1.00000001

COMPUTER TIME (CPU) REQUIRED. FOR THIS STEP - 5.130000E+00 S UP TO THIS TIME - 5.130000E+00 S
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TABLEE.2.--Continued.

(d) Concluded.

w_w_e SENSITIVITY CALCULATIOt|S Nx_xw

TIME = 2.50000D-05

SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES

_ww NORMALIZED SENSITIVITY COEFFICIENTS N.R.T THE PREEXPONENTIAL CONSTANTS _w_

DZ(1)/OA(J)WA(J)/2(1) HHERE Z(1)= O-ORDER TIHE DERIV. OF Y(I), I=COLUHN, J=ROI'!

_e_ NOTE= FOR CONSTANT TEMPERATURE PROBLEMS NORMALIZEO SENSITIVITY COEFFICIEt_TS N.R.T. N(J) AUD E(J) ARE

THE SAME AS THE NORMALIZED COEFFICIENTS H.R.T. A(J) _we

REAC HUM CH_ CH3

I -3.3199-01 -1,2_79-01
2 3,7280-02 -6,4320-02
3 -5,7089-02 2.276D-01
4 2.3819-02 -1.0100-01
5 8.4969-02 2.6039-01
6 -4.008D-02 -1.9479-01
7 -2.6859-02 9.7069-02

8 1.0639-04 -5.710D-04
9 3.5109-02 -2.3489-01

I0 -3,2999-08 3.245D-07
11 -2,6279-01 -4.7319-01
12 5,8899-11 1.4469-10

13 -9,4220-03 6.S05D-02
14 4,2109-07 -3.9949-06
15 4.2699-02 -1.9_59-01
16 -2,0539-04 9.3_50-04
17 7.9929-03 -2,058D-02

18 -7.0329-05 1.941D-0_
19 -8.9959-02 S.2989-02
20 3.5679-04 -6.4L19-04
21 9.5700-03 1.365D-02
22 -1.7829-10 -2.7959-10
25 2.1_1D-02 -_.8909-02
24 -2.2740-08 5.9S90-08

25 7.9959-02 -1.5859-01
26 -2.0419-07 _.045D-07
27 -1.2989-01 1.7949-01
28 3.2639-07 -8.0159-07

29 -3.3529-04 -3,613D-05
30 5,9279-07 -2.4749-07
31 -8.104D-03 7.692D-03
32 3.914D-03 -4.5339-03
33 -7.4079-03 3.9849-02
34 6.338D-05 -3.6409-04

85 -Z,196D-OI -I.163D-02
36 6.190D-05 -7.7_39-06
37 3,0459-06 -6.5119-06

39 -1.898D-06 2.364D-06
"-_ 39 4.9379-04 5.447D-04

40 -2.1759-09 -2.5280-09
_I 1.9979-03 4.164D-04

42 -1.$64D-03 -4.4559-04
_3 3.9589-08 -2.7320-04
_4 -2.4209-03 1,8399-02

H OH H20 H2

8.069D-01 6,8989-01 8.7229-01 8.0A90-01
-1.7129-01 -I.390D-OI -6.6479-02 -8.629D-02

6.9779-02 -5.303D-01 8.7139-05 -1.1119-01
-2.376D-02 2.6089-01 -S.333D-03 4.7019-02
-5.873D-01 -3.950D-01 -_.3009-01 5.6169-02

4.7729-01 2.9129-01 2.593D-01 -8.8909-02

4.945D-02 1.2619-01 7.2619-02 -3.9559-02
-2.1709-04 -6.5999-04 -2.6879-04 2.526D-04
-4.9209-02 -3.3119-01 -1.3029-01 1.475D-01

4.6809-08 4.470D-07 1.311D-07 -2.0159-07
4.1159-01 4.310D-01 7.612D-01 6.6619-01

-7.7319-11 -1.391D-I0 -1.6620-10 -1.3919-10
2.9249-02 1.2000-01 4.$30D-02 -1.805D-02

-1.560D-06 -7.3299-06 -2.1620-06 1.0869-06
-2,6039-02 -3,000D-01 1,409D-02 1,8679-01
1.2649-04 1.$869-03 -8.8849-06 -8.0949-04

-2.840D-02 -9.1679-03 -1.052D-02 2.6319-02

2.862D-0_ 1.037D-04 8.9449-05 -2.383D-04

0 CH20 02 HCO CO

6.6689-01 -1.152D-01 -I,6699-01 3.0_59-01 1.2039+00
-1.083D-01 -1.042D-03 1.2919-02 -7.517D-02 -9.244D-02
-1.2809-01 4.8720-01 -4.9950-03 7.5_9D-02 -2,027D-01

5.8769-02 -1.913D-01 2.1149-03 9.591D-03 7.8879-02
-6.9369-01 1.6759-01 7.324D-02 -6.018D-02 -5.2969-01

S.7009-01 -1,167D-OL -4.3189-02 4.350D-02 3.089D-01
-I.115D-OL -3.3879-02 -1.0719-02 4.634D-02 5.98_D-02

7.5509-04 2.0079-04 3.5000-05 -2.131D-04 -1.7_6D-04
-5.5219-01 2.056D-01 1.517D-02 -4.792D-02 -I.1439-01

8.730D-07 -2.9100-07 -1.241D-08 S.746D-00 1.0799-07
4.8429'-01 1,15ID-O1 -1.507D-01 4,0189-01 1.0870_00

-1.033D-10 -1.038D-10 3.4359-11 -1.955D-10 -2.1399-10
-1,160D-01 -I,IS2D-O1 -4.9729-03 4.078D-02 6.4469-02

8,4899-06 7.3549-06 2.]809-07 -3.189D-06 -3._280-06
1.395D-01 -5.428D-01 8.691D-04 4.6949-02 2.6479-01

-6.0809-04 2.306D-03 -1.12_D-95 -8.7199-04 -1,0659-03
-8.8099-03 -6.2729-02 2.129D-03 8.$56D-03 1.857D-02
I.llID-04 5,5780-0_ -1.8029-05 -1.5699-04 -1.697D-04

3.2959-01 2.9079-01 2.1759-01
-2.2849-03 -1.920D-03 -6.806D-04
-6.007D-02 -7.7049-03 -1.0679-02
1.399D-09 4.156D-11 1.3520-10

-1,0479-01 -I.I&3D-OI -3.8789-02

1.3799-07 1.740D-07 3.4809-08
-4.4909-01 -3.506D-01 -1,454D-01

1,3660-06 1.0329-06 3.4479-07
6.7969-01 5.26QD-01 2.4889-01

-2.5989-06 -1,909D-06 -4.975D-07
S.2SID-O3 -1.074D-08 -4,0159-04

-1.287D-05 3.8889-06 1.132D-06
3.9219-02 -4.415D-02 2.0860-02

-S.3800-02 2.608D-02 -9.8249-03
2,8609-02 6.0239-02 2.1389-02

-2.5629-04 -5.4279-04 -1.820D-04
3.051D-01 8.7780-01 6.709D-01

-8.0599-05 -3.284D-04 -1.892D-04
-1.7999-05 -1,844D-05 -5.1119-06

8.6659-06 8.522D-06 3,813D-06
-7.330D-08 1.560D-03 8.9499-04

2.6039-01 2.5659-01 -1,078D-01 -4.1219-02 1.2759-01 3,5410-01
-1.2609-03 -1.682D-03 7.7229-04 1.2829-04 -1.264D-03 -1.29qD-03
-5.730D-02 -1.1829-01 -1.973D-02 3.4259-03 -6.290D-02 -2.6539-02

1.157D-09 3.227D-09 5.044D-10 -5.724D-11 1.703D-09 3.9779-10
-5.702D-02 -6.4280-02 1.7129-02 7.439D-03 -1.1_89-01 -5.850D-02

6.1569-08 8.079D-08 -2.3769-08 -6.664D-09 1.9499-07 5.196D-08

-1.495D-01 -2.879D-01 4.0870-03 2.744D-02 -4,1769-01 -1,7779-01
3.6189-07 8.9069-07 -1.0120-08 -6,_80D-08 1.3709-06 3.9549-07
3.3269-01 5.2419-01 -1.2589-02 -4.8209-02 -3.714D-01 3.$749-01

-8.700D-07 -2.0949-06 1.397D-08 9.682D-08 2.4429-06 -8.5659-07
3.494D-03 4.7330-03 1.2359-03 -2.028D-04 -2.6330-04 -3.0089-03

-6.6889-06 -1.1479-05 -2.748D-06 3,296D-07 1.644D-06 6,285D-06
-2.072D-02 4.8229-02 3.5499-02 -3.7059-03 -5.1230-03 4.3559"03

1.1619-02 -2,8020-02 -1.9079-02 1.7370-03 4.7280-03 -6.7729-04
-2.136D-02 -6.0349-02 -1.959D-02 -2.7489-03 ].6flTD-OZ 1.$26D-02

].965D-04 5.5220-04 1.790D-04 2.275D-05 -1.4659-04 -].2469-04

1.6930-01 1.157DtOO -8.5709-02 -1.194D-01 5.463D-01 7.9_6D-01
-3.063D-05 -4.7150-04 2.0659-05 3.337D-08 -2.1199-04 -2.143D-0_
-8.1119-06 -1.2139-05 1.9460-06 9,830D-07 -8,3489-06 -7,9269-06

4.9279-06 6.0299-06 -9.9669-07 -7.3309-07 3.9679-06 5,7889-06

-5.9069-03 -7.0560-03 -2.1499-03 6.9369-08 6.6059-05 -7.9879-04

2.5029-08 -3.312D-09 -1.5529-09 2.1630-08 2.407D-08 6.5_20-09 -4.9019-10 6.5849-]0 5.0839-09
-1.542D-02 -1.5129-03 -2.1779-03 -1.222D-02 -1.416D-02 -2.6390-03 4.5400-04 -1.2979-03 -5.6409-03

9.9510-03 1.0830-03 1.6010-03 8.1979-03 9.1829-03 1.69_D-03 -3.3879-04 1.1129-03 4.004D-03
-9.129D-05 -5.1459-04 -1.2029-04 1.1479-04 5.0049-04 2.116D-04 1.3719-05 -1.2659-04 -1.0889-04

5.592D-03 3.570D-02 7.3149-03 -7.5969-03 -3.7009-02 -1.4459-02 -7.8689-04 8.903D-03 6.5679-03

REAC HUM C02 HO2

1 2.403D+00 4.3399-01
2 -1.7729-01 -9.777D-02

3 -9.2060-01 2.923D-02
4 3.3009-01 -8.1139-03
5 -1.0629+09 -3.5089-01
6 6.2259-01 2.9169-01
7 1.6979-01 2.2489-02

8 -6.4729-04 -9.9459-05
9 -S,TS1D-O1 -1.6329-02

10 4.0019-07 1.349D-08
11 1.9589+00 1.671D-01
12 -3.396D-10 -2.9400-11
13 1.6260-01 1.4479-02

14 -8.218D-06 -7.7069-07
IS 9,6069-02 -3.899D-03
16 2.9319-04 1.4389-05
]7 1.$959-02 -1.9689-02
18 -1.097D-04 1.9589-04
19 6,8170-01 1.9059-01

20 -2.2119-03 -1.5029-03
21 -2.8039-02 -3.9829-02
22 3.E68D-lO 7.9819-10
23 -1.3259-01 -5.9799-02
24 1.3229-07 7.4539-08
25 -3.5999-01 -2.5629-01
26 8.419D-07 7.432D-07

27 7.300D-01 3.909D-01
28 -1.484D-06 -1.3939-06
29 9.971D-01 2.895D-03
30 -1.9150-03 -6.486D-06
31 -2,8780-02 3.344D-02
32 1.7559-02 -],9039-02
33 S.220D-02 1.4729-02
34 -4.q62D-04 -1.3319-04

35 1.5939+00 1.0659-01
36 -4.3449-04 -2.501D-03
37 -1,726D-05 -9.9299-06
38 1.1929-05 4.8719-06
39 1.068D-03 -3.5029-01
40 8.026D-10 1.0569-06

41 -7.250D-08 9.9049-01
42 5.2610-03 -6.1829-01
43 -4.557D-04 -4.132D-05
44 2.877D-02 2.483D-03

(LSENS)

(LSENS)

END OF IHI3 CASE

SUNMARY OF COMPUTATIONAL NORK REQUIRED FOR PROOLEM,

TOTAL NO. OF STEPS - 92
TOTAL NO. OF DERIVATIVE EVALUATIONS - 123
TOTAL NO. OF JACOOIAN EVALUATIONS - 21
TOTAL CPU TIME - 5,130000 S

HORK REQUIRED 9Y SENSITIVITY ROUTINEa

NO. STEPS = 92
NO. FUNC. EVAL. = 92
NO, JAC. EVAL. = 92
TOTAL REAL SPACE USED = 3924
TOTAL INTEGER SPACE USED = 66

TOTAL CPU TIME (INCLUDING I/O) REQUIRED =

READ DATA FOR NEXT CASE

6.800000 S
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TABLE E.2.---Continued.

(e) Case 5

REACTIOt_
NUMBER

I

2
3
4
S

6
7
B
9

I0
11
12
13
14
15

16
17
18
19
2O

21
22
23
24
25

LEHIS SEHSITIVITY AND GENERAL KINETICS PROGRAM NASA LENIS RESEARCH CENTER

FORMALDEHYDE OXID.= DOUGHERTY ET AL, J. CHEM PHYS, V71, P1794, 1979. CASE 5

REACTION

IxHCO ÷ I_OZ > l_CO + I_HOZ

1_N02 + I_CH20 • 1_H202 + IxHCO
M + 1_H202 • 2_OH

lXCH20 + I_OH > 1wHCO + IWH20
IKOH + IKH202 • I_H20 + I_H02

1_1t202 > I_H202H
I_ll02 • ]_fl02H
2KilO2 > IxHZDZ + lxO2

1_C0 + IXOH • 1_C02 + lXH
l_CO + IWN02 • IxC02 + IWOH

I_CH20 + I_lt • lwHCO + IWHZ
I_H + lxOZ • I_OH + IXO
l_B + IX02 • I_H02 + M

M + l_lt02 • I*H ÷ IKOZ
I_O ÷ 1WH2 • I_OH ÷ I_H
I_CH20 + I_0 • I_HCO + IWOH

IWH + l_HZO2 • IwH02 ÷ l_NZ
lXH + I_HZO2 • I_H20 + 1XOH
lWO * I_HZ02 • IWOH + IXH02

I_HCO > 1wH + I_CO

I_H2 + I_ON • 1_H20 + ]XH
I_CH20 + I_OZ • IxHCQ + IXH02
I_N + I_H02 > 2WON
lWNO2 ÷ IWH • I_H20 + l_O
l_H + l_H02 • I_H2 ÷ I_OZ

REACTION RATE VARIABLES

A N ACTIVATION
ENERGY

6.0ZBOOE+10 0,000O 0.O0
S.qSOOOE+lO O,O000 0.00

4.0100BE+06 O.OOOO O.O0
9,G_OOOE+13 0.00OO 0.00
3.07000E+12 0,0000 0.O0
],OSOOOEIO_ O,OOOO O.O0

I.OSO00E+BI O.OOO0 O.O0
1.81OOOE+IZ 0,0000 0.00
1.99000E+ll 0,00O0 O.O0
7.23000E_08 O,OOOO O.OO
1.63000E+12 O.OOOO O.O0

3.S2OOOE+IO O.0O00 O,O0
S.BS000E+15 O.OOO0 O.QO
2,BSOOOE+O5 O,O000 0.00
1,82000E+11 0.0O00 0.O0
6.02000E+13 0,0O0O O.00
7,83000E+11 0.0000 O.00
5.55000E_12 0.O0OO O.00

6.02000E+10 O.00O0 0.O0
A,6OOOOE-I2 0.00OO 0.00
6.02000E+12 O.00OO 0.O0
1,75000E+04 0.00O0 0.00
3.OlOOOE+12 0,0000 O,OO
3.01000E+t3 0.0000 0.00

Z,71OOOE+I3 0.0000 0.00

ALL THIRD BODY RATIOS ARE 1.0

SPECIES

HCO
02
CO
H02

CH20
H202
OH
H20
H202N
HO2H

COZ
H
HZ
0
N2

TIME O,OOOOOE÷OO SEC

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DENSITY

TEMPERATURE
(DEG K)

MASS FLON RATE
(G/SEC)

ENTROPY
ICAL/G/DEG K)

MACH NUMBER

GAMMA

ENTHALPY
(CAL/G)

SP. HEAT (CP)
(CAL/G/DEG K)

CONCENTRATION

(MOLES/CM_3)
O,OO000E+OO
2.10900Em06
A,6990OE-06
O.OO000E+O0
1.12_O0E-07
0.00OO0E+OO

O,OOOOOE÷00
O.OOOOOE+O0
O.00000EeOO
O.O0000E_O0
D.OOOOOEIOO

O.OOOOOEeOO
0,0OO0OE+O0
O,O000DE÷00
A.8520OE-06

MOLE FRACTION

O,OOOOOE÷O0
1.79qSSE-01
5.99833E-01
O.O0000E÷O0
9.S6_OBE-OS
O.OOOOOE+O0
O.OOO00E+OO

O,O0000E+OO
0.00OO0E+0O
O.OOOOOE÷OO
O.O000OEeOO

0.0O0O0E+00
0.000DOE+00
O.OOOOOE+O0
4.11150E-01

_w INITIAL CONDITIOHS Ww

AREA O.OOOOOE÷OO 50 CM

0.91807

O.O0

S.57BA2E-OA

952.00

O.OOOOOE÷O0

2.0112

O.OOO0

L,SSSO

-2.07869E+02

2,76737E-01

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CM_WS/SEC) NUMBER

_.I_OA1E-O9 1

-4.148_lE-09 2
O.OOOOOE÷OO 3
4.1qBqlE-09 4

-4.148AIE-09 5
O.OO00OE+O0 6
O.OO000E+OO 7
O.OOOOOE÷O0 8

O.OOOOOE+OO 9
O.OOOOOE÷OO 10
O.O00O0E+O0 I1
0.O00OOE+O0 12
O.OOOOOEtO0 IS
O.OOOOOE+OO 14

O.OOOOOE+O0 15
]6
17

19

20
21
22
23

2_
25

AXIAL POSITION O.OOOOOE÷O0 CH

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O,O00O0E÷00

METHOD ORDER O

TOTAL HUMBER OF STEPS 0

FUHCT EVALUATIONS 0

JACOBIAN EVALUATIONS O

RATE CONST NET REACTION CONV RATE NET RATE/POSI-
CGS UNITS (MOIE-CM_S/G_WZ/SEC) TIVE DIR RATE

6.0200E÷IO O.OOQOOE_OO O.OOOOO
_._3OOE+IO O.O000OE+O0 O,OOgO0

_.01OOE÷06 O.OO000E÷OO O.OOOO0
9,6400E+13 O.O00O0E+O0 g. O0O00
3.0700E÷12 0.OO0OOE÷00 0.0000O
].05OOE_O2 O.O00OOE÷O0 O.O00OO
I.OSOOE+01 O.O0000E+UO O.OQO00
1.8IOOE+]2 0.0OOO0E+O0 O.OO000

1,9900E+ll 0.O00O0E_B0 0.O0OOO
7.2300E+08 0.00000E_O0 0.O0O0O
1.6300E+12 O.OO0O0Et00 O,OOO(]O
3.3200E+10 O.00000E{00 O.OO00O
3.6300E+15 0,O0OOOE+O0 O.O00O0
2.BS00E+05 O.O0000E+00 0.000OO

1.B200E}IL 0.O0000E_00 0.000OO
6.O2OOE+I_ O.OOOUOE÷OO O.OOOOO
7.B_OOE_ll O.OOOOOE+QO O.OOO00
3.5500E+12 Q.OOOOOE+OO O.O0000
6.0200E,10 O.O0O00E+0O 0.O0000

4.6000E-12 O.OOOOBE_OO 0.O0OO0
6.0200E+12 O.OOOOOE+OO O.OOOO0
1.7500E+0q 3,6_qSBE-02 l,OOOO0
3,O100E+]2 0.O0OO0E+O0 0.O0O00

3.0100E+13 0.000O0Ee0O 0.O0000
2.7100E+1_ 0.00000E+00 0.O0000
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TABLE E.2.---Continued.

(e) Continued.

DERIVATIVES (CGS UNITS)_ T

MIXTURE MOLECULAR HEIGHT 2g.76664

O.BOOOOE÷O0 RHO O.O00OOE+OO

TOTAL ENERGY EXCHANGE RATE 1.40297E+05
(CAL-CMx_3/G_W2/SEC)

CPU TIME FOR INITIALIZATION OF LSEN5 = 1.040001 S

MASS FRACTION SUM l.OOOO0000

TIME 5.00OOOE-OS SEC

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY
CCM/SEC)

DENSITY
(G/CHX_S)

TEMPERATURE
(DEG K)

MASS FLOH RATE
(G/SEC)

ENTROPY
(CAL/G/DEG K)

MACH HUMBER

GAMMA

ENTHALPY
(CAL/G)

SP. HEAT (CP]
(CAL/G/DEG K)

0.91807

O.O0

S.378AZE-O_

952.00

O.OOOOOE÷O0

2.0115

O.O000

1.3550

-2.08171E+OZ

2.76736E-01

AREA O.OO000E÷OQ SQ CM

CHEMICAL PROPERTIES

SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION
(MOLES/CM_3) RATE (MOLE/CM_X3/SEC)

HCO 5.99396E-12 5.10019E-07 Z._9OODE-O9
02 2.10758E-06 1.79531E-01 -7.61730E-07
CO _.6997SE-D6 _.99895E-01 3.98642E-07
HOZ 9.70EO7E-11 8.260qSE-06 S.75318E-Q8
CHZO 1.1099ZE-07 9.4442ZE-03 -7,62981E-07

HZOZ 5.77813E-10 4.91654E-05 2.98_56E-07
OH 3.41917E-1_ Z.9093SE-09 -i.OI196E-ZO
H20 6.37434E-10 5.59_03E-05 3.66366E-07
H2OZH 8,91755E-11 7.58782E-06 6.06704E-OB
HOZH 1.88581E-12 1,60_61E-07 1.01935E-09
COZ 6.67303E-10 5.67800E-05 5.61849E-07
H 9.Z3807E-14 7.86056E-09 5.21113E-11

HZ 3.0516ZE-II 2.59659E-06 1.69919E-08
0 1.0092ZE-15 8.58722E-11 -g.34028E-IZ
H2 4.83ZOOE-06 4.II149E-OI O.O0000E+O0

DERIVATIVES (CGS UNITS), T

AXIAL POSITIOH O.00000E+O0 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT lO

AVERAGE STEP SIZE 0.51_95E-03

METHOD ORDER 3

TOTAL NUMBER OF STEPS 1S

FUNCT EVALUATIONS 15

JACODIAN EVALUATIONS 4

O.O0000E$O0 RHO

RATE CONST NET REACTION CONY RATE NET RATE/POSI-
NUMBER CGS UNITS (MOLE-CMxXS/G_2/SEC) TIVE DIR RATE

1 6.OZOOE+]O 6.66295E+00 1.00000

2 3.4300E+10 S.23812E÷00 1.00000
3 _.OIOOE+06 2.38579E-01 1.OOOOO

9.6_OOE+IS 3.ZO526E÷O0 1.O0000
5 3.0700E+12 5.51397E-0_ i.O0000
6 1.0500E*02 3.31556E-01 1.00000
7 1.0500E÷O1 8.95089E-0S 1.00000
8 1.8100E+12 1.49457E-01 1.00000
9 1.9900E÷11 2.80168E-01 1.00000

10 7.ZSOOE÷08 2.89013E+00 I.OOOOO
11 I.&300E+12 1.46_32E-01 1.OOOOO
12 $.3200E÷10 5.66337E-OZ 1.O00O0
1S 5.6300E+15 7.27731E-OZ 1.OOOO0
14 2.8500E÷05 2.82891E-0_ 1.O00OO

15 1.8200E÷11 4.9108ZE-08 1.00000
18 6.0ZOOE÷13 5.9080SE-02 l.QO000
17 7.8300E+ll 3.66]87E-04 I.O0000
18 3.5500E+12 1,66023E-05 1.00000

19 6.QZOOE+lO S,07565E-07 1.O00OO
20 _.600OE-IZ 2._1571E-16 l.OOOO0
21 6.Q2OOE+12 5,503Z6E-05 1.00000
2Z 1.7500E+O_ 3,5866_E-02 I.O0000
Z3 S.0100E_12 2.36512E-04 I.OOO00

Z4 S.OIOOE_I3 2.56512E-03 1.00000
23 2.7100E+13 Z.12959E-03 1.0DO00

O.OOOOOE÷OO

MIXTURE MOLECULAR HEIGHT 28.76658 TOTAL ENERGY EXCHANGE RATE -6.DZ86SE+05
(CAL-CMW_5/GMw2/SEC)

MASS FRACTION SUM l.OOOOO00O

COMPUTER TIME (CPU) REQUIRED, FOR THIS STEP - 3.199997E-01 S UP TO THIS TIME - 4.099989E-01 S
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TABLE E.2.---Continued.

(e) Continued.

w_wew SENSITIVITY CALCULATIONS J_w_

TIME = 5.00000D-05

SENSITIVITY COEFFICIENTS BE O-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES

e_e NORMALIZED SENSITIVITY COEFFICIENTS W.R.T THE PREEXPONENTIAL CONSTANTS _e_

REAC NUH

I
2

3

5
6
7
8

9
I0
II
12
i$

14
15
16
17
18
19
ZO
21
22

Z3
24
25

DZ(I)/DA(J)_A(J)/Z(I) NHERE Z(I) = O-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=RON

_w_ HOTE, FOR CONSTANT TEMPERATURE PROBLEMS NORMALIZED SENSITIVITY COEFFICIENTS N.R.T. N(J) AND E(J) ARE

THE SAME AS THE NORMALIZED COEFFICIENTS N.R.T. A(J) _we_

HCO OZ CO H02 CH20 HE02 OH HE0 H202H HO2H C02

-9.231D-Ol O.O00D+O0 O,O00D+O0 O.OOOD+O0 O.O00D+O0 O.000D+O0 O.OOOD+O0 O.O00D+O0 O.O00D+O0 O.O00D÷OO O.OOOD+O0
1,236D÷00 O.O00D÷O0 O.O00D÷O0 7.054D-01 O.0OOD÷OO 1.4939+00 8.297D-01 5.B7BD-OI 1.358D+00 4.8580-0! 4.952D-01
7.700D-01 O.O00D÷00 O.O00D+O0 7.224D-01 O.O00D÷O0 4.922D-01 8.383D-01 6.OB_D-O1 3.565D-01 5.095D-01 5.1B3D-Ol

-2.137D-01 O.O00D÷O0 O.O00D÷O0 -2.124D-OI O.O00D+O0 -1.836D-01 -I.162D÷O0 -1.233D-01 -I.512D-OI -1.736D-01 -2.5_80-0!
O.OOOD÷O0 O.O00D÷00 O.O00D_O0 O.O00D+O0 O.O00D+O0 O.O00D_O0 O.O00D÷O0 O.O00D÷O0 O.OOOD+OO O,O00D÷O0 O.O00D÷OO

O.O00D+O0 B.O00D÷O0 O.OOOD÷DO O.O00D+00 O.O00D÷O0 -1.827D-01 O.OOOD_O0 O.O00D+O0 8.576D-01 O.O00D÷O0 0.0009_00
O.O00D+O0 O.O00D÷O0 O.O00D÷O0 O.O00D÷O0 O.O00D+O0 O.O00D+O0 O.O00D÷O0 O.O00D÷O0 O.O00D+O0 9.853D-0! O,O00D+O0

-5,Q56D-01 O.O00D÷O0 O,O00D÷O0 -5,195D-01 O.O00D+O0 -1.770D-01 -5,016D-01 -1.7809-01 -I.150D-01 -1.8629-01 -1.8569-01
Z.I42D-01 O.O00D_O0 O.O00D÷O0 2.128D-01 O.O00D+O0' 1.841D-01 1.624D-01 1.238D-01 1.517D-01 1.740D-0! 2.552D-01

5.976D-01 O.OOOO÷O0 O.0OODtO0 1.662U-01 O.O00D+O0 1.377D-01 1,027D+00 1.013D+00 1.108D-01 1.525D-01 1.122DtO0
-1.235D-01 O,O00D+O0 O.O00D+OQ -1.2E7D-OI O.O00D+O0 -1.065D-01 -1,397D-01 -1,178D-OI O.O00DtO0 -1.007D-01 -1.022D-01

2.0549-01 O.OOOD÷OO O.O00D{O0 1.915D-01 O.O00D+O0 1.648D-O1 2.1649-01 1.798D-01 1.552D-01 1.55_D-01 1,576D-01
O.O00D+O0 O,O00D÷O0 O.O00D+OO O.OOOD+O0 O.O00D+O0 O.O00D+O0 O.O000+O0 O.OOOO+OO O,O00D÷O0 O.O00D+O0 O.O00D+O0
O,OOOD+O0 O.O00D÷O0 O.0OOD+O0 O,O00DeO0 O.O00D+O0 O.O00D÷O0 O.O00D+O0 O.O000eO0 O.O00D+O0 O,OOOD+O0 O.O00D÷O0
O.O00b+O0 O.O00D÷O0 O.O00D÷O0 Q.OOOD_O0 O.O00D+O0 O.O00D÷O0 O.O00D÷O0 O.O00D+O0 O.O00D+OQ O.OOOD÷O0 O.O00DtO0
O.O00D÷O0 O.O00D+O0 O,O00D÷O0 O.O00D_O0 O.O00D+O0 O.O00D÷O0 O.000D+O0 O.O00D+O0 0.0009÷00 O.OOOD_O0 O.O00D+O0
O.O00D+O0 O.O00D+O0 O.O00D+OO O.O00D+O0 O.OOOD+O0 O.O00D÷O0 O.O00D÷O0 O.O00D+O0 O.OOOD+O0 O.OOOD+O0 O.O00D÷O0

O.O00D÷00 O.O00D÷O0 O.O00D÷O0 O.0OOD+O0 O.O00D+O0 O,O00D+OO O.OOOD÷O0 O.DOOD+O0 O.O00D÷O0 O,OODD÷DO O.O00D÷O0
O.O00D+O0 O.OOOD÷00 O.O00D÷O0 O.OOOD÷O0 Q.OOOD÷O0 O.O00D+O0 O.O00D÷O0 O.O00D+OO O.O00D÷O0 O.O00D+O0 O.O00D+O0
O.O00D÷00 O.0OOD÷00 O.000D÷O0 0.0OOD÷00 O,000D+00 0.O00D÷00 0.000D+00 0.000D+O0 O,0OOD+0O O.000D+O0 0.O00D+00
O.O00D+O0 O.OOOD÷O0 O.O00D+O0 O,O00D÷O0 O.OOOD+O0 O.OOOD÷O0 O.O00D÷O0 O.O00D÷O0 O,OOOD+O0 O.O00D÷O0 O.O00D+O0
6.836D-01 O.O00D+O0 O.O00D+O0 6.756D-01 C,000D+O0 8.IO1D-OX 7.048D-01 8.183D-01 8.8059-01 8.09_D-01 8.106D-0l
Q.OOOD+00 O.OOOD+O0 O.OOOD÷OD O.flOOD+O0 O.OOOD÷OO O.BOOD÷O0 O,O00D÷O0 O.O00D+O0 O.OOOD÷OQ O.O00D+O0 O.O00D+O0
O,O00D+DO O.O00D+O0 O.O00D+O0 O.O00DtO0 O.OOODeO0 O.O00D_O0 O.O00D+O0 O.O00D+O0 O.O00D+O0 O.O00D+O0 O.O00D+O0

O.OOOD+O0 O.O00D÷O0 O.O00D÷O0 O.O00D÷O0 O,O00D÷O0 O.O00D÷O0 O.O00D+O0 O.OOOD÷O0 O.OOOD+O0 O.O00D+O0 O.O00D÷O0

REAC NUM

1
2
5

5
6
7
B
9

lO

11
12
I5

15
16

17
18
19
2O
21
22
23

24
25

H H2 0

O.O00D+O0 O.O00D+O0 O.O00D÷O0
8.133D-01 5.8_5D-01 8,527D-01
8.255D-01 6.063D-01 8.5999-01

-1.1q9D÷O0 -1.112D+O0 -1.158D+00
O,O00D÷O0 0.000D+0O O.O00D+O0
0,0OOD+00 0.000D÷00 0.00OD÷00
O,O00D÷OO 0.0000+00 O.O00D+O0

-2.962D-01 -1,775D-0! -3.109D-01
1.150D+O0 1.112D÷O0 1.159D+00
1.019D+00 1.O05D+O0 1.031D+00

-6,55QD-01 3.487D-01 -6.602D-01
O.O00D+O0 O.O00D+O0 9,810D-01

-3.Z46D-01 -5.1569-01 -3.Z75D-Ol

O.O00D÷00 0.OOOD÷00 O.0OOD+00
O.O00D+O0 O.O00D+O0 O.O00D+O0
O.O00D+O0 O.O00D+O0 -9.999D-01
0,O00D+00 0.0OOD÷00 0.0OOD+00
O.O00D÷OO 0.OOOD400 O.0O0D+O0
O.O00D+O0 O.OOOD+O0 O.O00D÷O0
0.000D÷00 O.O00D+O0 O.O00D+O0

0.000D+00 0.000D÷00 0.000D÷00
6.940D-OL 8.176D-01 7.297D-01
O.O00D+O0 O.O00D+O0 O.0OOD+OO
O.O00D÷O0 O.O00D÷O0 O,OOOD+O0
0.000D+00 0.000D÷00 0.000D÷00
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TABLE E.2.--Continued.

(e) Concluded.

TIME = 5. 00000E-OS

_ REACTION IMPORTANCE FOR NORMALIZED SENSITIVITY COEFFICIENTS OF 0-0RDER TIME DERIVATIVE OF Y(1) HRT PREEXPONENTIAL CONSTANTS _xw

REACTION NUMBER

VARIABLE NORMALIZED SENSITIVITY COEFFICIENT

2 1 3 22 L0 8 9 _ 12 ll

HCO
1.236E+00 -9.23LE-01 7.700E-01 6.836E-01 5.976E-01 -3.056E-01 Z.l_2E-01 -2.137E-01 2.03_E-01 -1.235E-01

O2

CO

H02

CH20

H202

OH

H20

"; N202tl

HO2H

C02

H2

] 2 22 8 9 _ 12 10 11

7.22_E-01 7.05_E-01 6.756E-01 -3.195E-OI 2.1ZaE-O1 -2. IZ_E-0I 1 .9LSE-Ol 1.662E-01 -1.227 E-Ol

2 Z2 3 9 _ 6 8 12 10 11

1._93E+00 8.I01E-OI _.922E-01 1.SqlE-01 -1.836E-01 -1.827E-0L -1.770E-01 1.6qSE-01 1.377E-01 -1.065E-01

10 3 2 2Z 8 12 9 II

-1.162E÷00 1.027E÷OO 8.383E-01 8.297E-01 7.0_8E-01 -3.OI6E-01 2.16_E-OL 1.62qE-0! -1.397E-01

l0 22 3 2 1Z 8 9 _ II

I.OI3E+O0 8,163E-01 6,OS_E-OL 5.876E-01 1.79SE-OI -1.780E-01 1,238E-01 -1.233E-01 -I.178E-OI

2 22 6 3 9 4 IZ B I0

1.358E÷00 8.SOSE-01 8.576E-01 3.565E-DZ 1.517E-01 -1.512E-01 1.352E-01 -I.130E-01 1.10_E-OI

7 22 3 2 8 9 _ 12 10 11

9.833E-01 8.09_E-01 S.09SE-01 _.658E-01 -1.862E-01 1.7_OE-01 -1.736E-01 1.55_E-Ol 1.3ZSE-Ol -1.007E-Ol

IO 22 3 2 9 _ 8 12 11

1,122E÷00 8.106E-Ol 5.183E-01 4.952E-01 2.552E-01 -2.5_8E-01 -l.eS6E-Ol 1.576E°01 -1.022E-01

9 _ I0 3 2 22 11 13 8

1.150E+00 -1.1_9E+00 L.O19E+0O 8.255E-01 8.133E-01 6.9_OE-01 -6.5SOE-01 -3.2_6E-01 -2.962E-01

9 4 i0 22 3 2 11 13 8

1.112E+00 MI.llZE÷00 1.O05E÷O0 8.176E-01 6.063E-01 S.8_5E-0I 3._87E-01 -3.156E-01 -1.775E-01

9 _ lO 16 12 3 2 22 II 13

1.1SDE+00 -1.15&E+O0 1.031E+O0 -9.999E-01 9._10E-01 8.599E-0! 8.527E-01 7.297E-01 -6.602E-01 -3.273E-01

8
-3.I09E-01

(LSENS) END OF THIS CASE

SUMMARY OF COMPUTATIONAL NORK REQUIRED FOR PROBLEM,

TOTAL NO. OF STEPS - 15
TOTAL N0. OF DERIVATIVE EVALUATIONS - 15
TOTAL N0. OF JACOEIAN EVALUATIONS -
TOTAL CPU TIME - 0,_09999 S

HORK REQUIRED BY SENSITIVITY ROUTINE,

NO. STEPS = 13
NO. FUHC. EVAL. = 13
NO. JAC. EVAL. = 13
TOTAL REAL SPACE USED = 2656
TOTAL INTEGER SPACE USED = 68

TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 2.0300Q0 S
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TABLE E.2.---Continued.

(0 Case 6

REACTION
NUMBER

i

2
3
4
5
6
7

8
9

10
II
12
13

15
16
17
IB

19
20
21
22
23
2_
25
26

27
28
29
30
31
32

33
3_
35
36
37

3B
39
40

_2
43
44

45
46

48
49

50
51

52

I_HCO
1_C0
I_HCO
1_C0

I_HCO
1WCO
I_HCO
1WCO
1xCO
1WCOZ
1wCO
IwCOZ
1wC02
1_C0

1XH
I_OH
I_O
I_OH
IXO

IWHBO

I_OH
I_OH
IXH20

l_O
I_OH
lxH

l_H
l_H2

1wHO2
l_H2O
1_02

1WHO2

1_H202
M

M

M

M
1WH

H

M
I_CO

M

1WH

LFHIS SENSITIVITY AI_D GENERAL KINETICS PROGRAM NASA LEHIS RESEARCH CENTER

NET CO OXIDATION, YETTER ET AL, COMB & FLAME, V59, P107, 19&5. CASE 6

REACTION
REACTION A

+ I_H > 1_C0 + 1_H2 2.00000E÷1_
+ l_N2 > l_NCO + 1WH 1.TI&OOE-B3
+ I_OH > 1WCO ÷ I_HZO I.O0000E+I_

+ 1_H20 > I_HCO + I_OH 3.65600E-06
+ 1_0 > 1_C0 + I_OH 3.01200E+15
+ 1WQH > 1_0 + I_HCO Z.B670OE-Oq
+ 1W02 > I_CO + l_HO2 3.01500E÷1Z
+ 1WHO2 > 1NHCO + IXOZ 2.59000E+O&
÷ 1_H02 • l_COZ + I_OH 3.08400E+09
• L_OH > 1_C0 + 1_H02 1.77700E-02
• I_OH • 1_C02 + l_N 1.92100E+lL
+ l_H > 1_C0 + I_OH 7.B9OOOE+O&

1_0 > 1_C0 + 1_02 _._3_OOE+OZ+
+ 1_02 > 1_C02 + 1_0 8._gZOOE+02
÷ 1_02 • I_OH + 1_0 1.12600E+11

÷ I_0 • I_H + 1_02 1.58500E+1S
+ 1WH2 • I_OH + ]_H $.58500E+11
+ I_H • IwO ÷ lXN2 S.B_IOOE+II
+ 1WHIG > 2_OH ' 1.6500QE+]O

2WOH • 1_0 + l_H20 _.10800E+12
I_H • 1WOH + l_H2 7.70900E+09÷

+ l_H2 > 1_H20 ÷ 1WH 1.B_700E+12
+ 1_H202 • 1_H20 + 1WHO2 _._32BOE+12

+ 1_HO2 • I_OH + 1WH20Z 7.10700E*06
+ 1WN02 > ]wOII ÷ 1W02 Z.16800E+13
+ 1wOZ > 1_0 + I_HOZ 2._7500E÷02
+ LwHO2 • 2WOH 1.12600E+1_

2_OH > 1WH + l_HO2 1._8500E+05
+ 1_H02 • 1_H2 + 1_OZ 2.50600E÷1_
+ 1w02 • I_H + I_HOZ 2,48700E+02

+ I_OH > 1_H20 + 1WO2 1,31300E+1_
+ 1_02 • 1WHOZ + I_OH 5.52900E-01
÷ IXH2OZ • 2KHOZ 1.3_900E+05

Z_HOZ • 1_02 + 1WNZO2 6.32_00E+12
+ 1Wit2 > I_HZOZ + 1_il 1.4D3OOE+O&

÷ I_H • 1KHO2 ÷ 1_H2 3.BSqOOE÷I1
+ 1_02 > 2,0 2.03000E-08

2_0 • l_OZ + M 1.86100E+14
+ I_HZ • 2_H 1.BSOOOE-05

2_H • l_N2 + M 3.00000E÷15

I_OH • IW0 + I_H 1,80700E-0_+
+ I_H • I_OH ÷ M I.OOlOOE÷16
÷ I_HZOZ • 2_OH 109000E+08

2_OH • I_HZO2 + M 9.Z5100E+15
+ I_H20 • I_H + l_ON _.01200E-05
÷ I_OH • I_HZO + _ 1.15700E+17

+ IWHOZ > 1WH + I_OZ 1.75_00E÷0_
+ 1_02 > 1_H02 + M 2,60500E÷15
÷ 1_C02 • I_CO + 1_0 _.2S400E-OB
+ l_O > 1_C02 + M 9.Q6900E+l_
÷ I_HCO • I_H + I_CO 2.77700E+10

+ 1wCO • I_HCO + M _.ZIOOOE+14

RATE VARIABLES
N

O.0OOO
0,0000
00900
O.O00O
0.0000

0.0000
0.0000
o.ooo0
o. O0OO
0.0000
0.0000
O.OOO0
0.0000
0.0000
O.OBOD

O.OO00
0,0000
0.0000
O.OOO0
O.O000
0.0000
O.OOO0
0.0000
O.OOO0
O,O000

O.O00O
O.O00O
0.00o0
o.oooo
0.0000

O.O000
0.0000
O.OOO0
O.O00O
O.OO00

0,0000
O.OOOO
O,OOO0
0.0000
O.O00O
0.0000
0.0000

0.0000
O.OO00
0.0000
O.OOO0
0.0000
O.O000

0.0000
O.O000
O.OOO0

0,0000

ACTIVATION
ENERGY

0.00
0.00

0.00
0.00
0,00
O.O0
O.O0
0.00
O.O0
O,OO
0,00
0.00
0.00

O.O0
O.O0
0.00
0.00
O.O0
0.00
0.00

O.OO
0,00
0.00
0.o0
O.OO
O.O0
O.OO

O,OQ
0.00
0.o0
0.00
0.00
O.OC
O.O0

O.OO
O.O0
0.00
0.00

O.OO
0.O0
0.00
0.00
0,00
0.00
O.O0

0,00
0.00
0.00
0.00
O.O0

0.00

0.00

ALL THIRD BODY RATIOS ARE 1,0
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TABLEE.2.--Continued.

(f) Continued.

TIME 0.0000QE÷00 SEC

FLOH PROPERTIES

PRESSURE
lATH)

VELOCITY
(CH/SEC)

DENSITY

(G/CH_wS)
TEMPERATURE
(DEG g)

HASS FLOH RATE
(G/SEC)

ENTROPY

(CAL/G/OEG K)
MACN /lUMBER

GAMMA

ENTNALPY

(CAL/G)
SP. HEAT (CP)

(CAL/G/0EG K)

SPECIES COtICENTRATIQN MOLE FRACTION
(HOLES/CMJwS)

HCO O.O0000E_O0 O.O0000E÷O0
H O.OOQOOE+O0 Q.O0000E+O0
CO 2.21578E-08 2.00000E-0S
112 0.00000E_00 O.O0000E+O0

ON O.O0000E_O0 O.00000E+O0
H20 1.10789E-07 1.00000E-02
0 O.O0000E+O0 O.O0000E+O0
02 3.10209E-07 2.80000E-02
H02 O.O0000E+O0 O.O0000E+O0

C02 O.O0000E+O0 O.O0000E_O0
H20Z 0.00000E+00 O.O0000E+O0
tlZ 1.06358E-05 9.60000E-01

DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR HEIGHT 28.02500

W_ INITIAL CONDITIONS _W

AREA 0.00000E+00 SQ CM

1.00000

0.00

5.10486E-04

ll00.O0

0.00000E+O0

1,9901

0.0000

1.3519

1.89467E+02

2.84564E-01

AXIAL POSITION 0.00000E+00 CM

INIEGRATION INDICATORS

STEPS FROM LAST PRINT 0

AVERAGE STEP SIZE O.00000E+OO

HETHOD ORDER 0

TOTAL NUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIQHS 0

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CM_WS/SEC) UUMBER

8.97q91E-21 1
3.69700E-17 2

-5.8S703E-12 S
0.00O00E+O0 4
1.90389E-14 5

-1.90389E-1_ 6
5.83703E-12 7

-5.85603E-12 8
1.90020E-14 9
5.83703E-t2 10
0.00000E+00 11

5.2LllSE-I1 12
13

l_
15
16
17
18

19
20
21

22
23
24
25

26
27
28
29
30

31
32
35
34
35

36
37
3S
59
40
41
A2

43
44
45
A6
47

_8
_9
50
51
52

RATE CONST NET REACTION CONV RATE NET RATE/POSI-
CGS UtIITS (MOLE-CM_wS/G_2/SEC) TIVE DIR RATE

2.0000E+14 0,00000E_00 0.00000
1.7160E-03 0,O0000E+00 0.00000
1.000DE*I_ 0.O0000E*00 0.000O0
3.6560E-06 9,S0990E-1A 1.00000

3.0120E+13 O.00000E_O0 0.00000
2.8670E-04 0.00000E+00 0.00000
3.0150E+12 O.00000E_O0 0.00000
2.5900E÷06 O.O0000E+O0 0.00000
3.08_0E+09 O.O0000E+O0 O.O00OO
1.7770E-02 0.00000E+00 0.00000

1.9210E+II 0.0O000E*00 0,00000
7.8900E+08 O.O0000E+O0 0.00000
_._3_0E÷02 O.00OOOE+O0 0,00000
8._920E+02 6.05_90E-05 l,O00OO
1.]260E+11 O.O0000E_00 0.00000

l.SSSDE+13 O,00000E_O0 0.00000
3.3850E+I1 O.O0000E_OO 0.00000
S.8310E÷ll O,O0000E+O0 0,00000
1.6500Et10 0.00O00E_0O 0.00000

q.]08OE412 0.00O00E_00 0.00000
7.7090E+09 0.00O0DE÷00 0.00000
1.g370E+12 0.00000E_00 O.OODO0
3,6320E+12 O,O0000E*OO 0.00000
7.1070E+06 0.00000E+00 0,00000

2.16&OE+13 O.OO000EtOO 0.00000

2.4750E+02 O.OOOOOEe00 0,00000
1.1260E+1_ O.O0000E*O0 0.00000
1.3850E405 O,OOOOOE_OO 0.00000
2.5060E+13 0.OOO00E+OO 0.00000
2,4870E+02 0,00000E+00 0.00000

1.3130E+13 O.OOO00E+00 O.OOOO0
5.5290E-0! 1,97112E-07 1.00000
1.3_90E÷OS 0.00000E+00 0.00000
6.3240E+12 0.00000E+00 0.00000
1.4030E+06 0.00000E+00 0.00000
3.0540E+11 0,00000E+00 0.00080

2.0300E-08 7,23707E-13 1.00000
1.8610E+l_ 0.00000E+00 0.0000O
1,8500E-05 0,00000E+O0 0.0000D
3.0000E+I5 O.OOO00E÷00 0.00000
1.8070E-0_ 0.0000OE*O0 0.00000
1,0010E÷16 0.00000E+00 0.0000O

1.0900E+08 0.0000OEO00 0.00000
9.2510E÷15 0.00000E*00 0.00000
3.0120E-05 3.83498E-10 1.00000
I,IS70E+I7 0.OOO00E+O0 0.00000

1.7530E+06 O.00O0OE+00 0.00000
2.6050E+15 0.00000E÷00 0.00000
3.23_0E-08 0.0000DE+00 0,00000
9.0690E+]4 0.0000OE_00 0.00000
2.7770E+I0 0.00000E_00 0.00000
3.2100E+Iq 0,0000OE+00 0,00000

O.00O00E+00 RHO O.O0000E÷00

TOTAL ENERGY EXCHANGE RATE -4,7575_E-01
(CAL-CHW_3/GXWZ/SEC)

MASS FRACTION SUM 1.00000000

CPU TIME FOR INITIALIZATION OF LSENS = 1.150001S
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TABLEE.2.---Continued.
(f)Continued.

TIME I.OOOOOE÷02 SEC

FLON PROPERTIES

PRESSURE

(ATH)
VELOCITY
(CM/SEC)

DEHSITY
(G/CM_W3)

TEMPERATURE

(DIG K)
MASS FLOH RATE
(G/SEC)

ENTROPY
(CAL/G/DEG K)

MACH tJUMBER

GAMHA

ENTHALPY
(CAL/G)

SP, HEAT (CP)
(CAL/G/DEG K)

SPECIES CONCEHTRATION MOLE FRACTION
(MOLES/CHW_S)

HCO 1.qOZ92E-SO I.Z6756E-25
II 2.5222OE-18 2.09B16E-13
CO 1.55_4qE-16 1.40446E-11
HZ 7.9405ZE-La 7,17425E-11
OH 1.359?SE-12 1.22BS9E-07

HZO 1.10788E-O? 1.00099E-02
0 4.15515E-15 3.75426E-I0
02 2.99150E-07 2.70270E-OZ
HO2 1.02866E-Z5 9.29411E-11
C02 2.21578E-08 2.002QOE-O3

H202 1.56958E-16 1.4I&ISE-LI
N2 1.D6SSBE-OS 9.60961E-01

DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR HEIGHT 2B,05305

0,99900

O.0O

3.10486E-04

1100.00

O,OO000E+00

1.9884

O,00OO

1.3313

1.84654E+02

Z.8463$E-Ol

AREA 0.00OO0E÷OO SQ CM AXIAL POSITION O.O00OOE+O0 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRINT 98

AVERAGE STEP SIZE 0.IIS94E÷01

METHOD ORDER Z

TOTAL NUMBER OF STEPS 1_3

FUNCT EVALUATIONS 233

JACOBIAN EVALUATIONS 31

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION
RATE (MOLE/CHWW3/SECI NUMBER

8.48901E-30 1

L.ogo46E-19 2
-3.18356E-21 3
-9.52088E-21 4
-1.75355E-17 5

8.60qBgE-18 6

4.99908E-I8 7
1.85412E-18 8

-1.56016E-20 9
3.18356E-21 10
1.25657E-19 ii
5.21113E-II 12

15
14

15
16
17
IS
L9
20
21

22
2S
24
25

26
27

28
29

50
31
32
53

3_
35
36
57
58
59
40
41
42

43
A4
45
_6
47
48

_9
50
51
52

RATE CONST NET REACTION CONV RATE NET RATE/POSI-
CGS UNITS (MOLE-CH_3/Gww2/SEC) TIVE DIR RATE

2,0000E_]4 6.75891E-27 l.ooOO0

1.7160E-03 2.19707E-27 1.0O000
],OOOOE+14 1.97886E-21 Z.OOOOO
3.6560E-06 6,53113E-22 1.OOOOO
3.0120E*13 1,82133E-24 1,OOOOO
2.B670E-04 6.2B613E-25 Z.0OO00

3.0150E+IZ 1.31248E-17 1.DO000
2.5900E+0G 4,29593E-18 1.O00O0
3,0840E+09 5.11531E-15 ].000OO
1.7770E-02 5.55389E-15 l.O0000
1.9210E+lI 4.21]95E-10 }.BOO00
7.8900E+08 _.21133E-lO 1,OQOQO

4._340E÷02 _.25471E-13 I.OOOOO
8,4920E*02 4.0959SE-]3 1.00000
1.1260E+11 8.11360E-07 I.OOOO0
1.3BSOE+13 8.11744E-07 l.OOOO0
3.3850E_11 1.15850E-11 1.00000
3.8310E+II 1.2S4B6E-II l.OOO00

1.6500E+lO 7.87915E-05 l.OO0O0
4.1080E+12 7.87919E-05 I.OO000
7.7090E_09 2.05735E-08 I.OOOO0
1.8370E+12 2.05745E-08 I.O0000
3.6320E+12 8.D4OgSE-O9 I.OOOO0

7,1070E÷06 8.40167E-09 1.OOO00
2.1680E+13 9.61237E-10 I.OOO00
2.4750E_02 1.04428E-09 l.OOO00
1.1260E_L4 2.79012E-12 I.OOOOO

1.3850E+05 2,6564_E-12 1.000DO
2.5060E+13 6.2096AE-13 1.OOOO0
2.4870E+02 6.12758E-13 1.0O0O0
1.3130E+13 1.9051OE-O7 1.O000O
5,5290E-01 1.90071E-07 1,00oo0

1.3490E+05 6.57000E-1I 1.00000
6.32_0E+12 6.94140E-11 1.00000
1.4030E+OB 1.18872E-15 1.00000
3.05AOE+II 1.15A68E-15 1.00000
2.0300E-08 6.97162E-13 l.O0O00
1.8610E+14 3.68890E-13 1.00000
1.8500E-OS 1.68650E-18 I.O00OO
3.0OOOE+I5 1.85737E-18 l,OOOOO

1.8070E-04 2,B21BOE-14 1,00000
1.OOlOE+16 1.10891E-14 I.O0000
1.090QE+08 1.96419E-06 1,000OO
9.2510E÷15 1.96382E-06 1,0oo0o
3,0120E-05 3.83113E-I0 1.00000
1.1570E+17 4.194_9E-11 1.OOOO0

1.7530E÷0& Z.O7028E-07 1.0000O
2.6050E+15 2.0775ZE-07 l.OOO0O
3,2340E-08 8.22705E-1_ 1.O00OO
9.0690E+1_ 6.72506E-14 1.BOO00
2.7770E÷10 4.47286E-18 1,000OO
3.2100E+14 1.33032E-L7 l. OOOOO

O.0000OE+00 RHO 0.0O0OOE÷0O

TOTAL ENERGY EXCHANGE RATE -5.89288E-06
(CAL-CMW_3/G_2/SEC)

MASS FRACTION SUM 1.00000000

COMPUTER TIME (CPU) REQUIRED, FOR THIS STEP - 5.450001E÷00 S UP TO THIS TIME - 1.033000E+OI S
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TABLE E.2.--.-Continued.

(f) Concluded.

_NW SENSITIVITY CALCULATIONS wwKx_

TIME = 1.O0000D+02

SENSITIVITY COEFFICIENTS OF O-ORDER TIME OERIVATIVE OF DEPENDENT VARIABLES

w_wW SENSITIVITY TO INITIAL CONDITIONS _

DZ(1)/DYZERO[J)_F(J)/Z(I), HHERE Z(I) = D-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=ROW
F(J)= YZERO(J) FOR YZERO(J) NOT EQUAL TO O

= I.OE-4/(INITIAL MNT) FOR YZEROIJ) = 0

PARAMETER CO H2

NCO 5.251D-OZ 5.650D-03
H 4.574U-OS 2.647D-03
OH 2.355D-05 2.604D-03
O 1.645D-03 -2.6989-05
H02 -1.255D-03 S.S17D-OS
HZOZ 1.2329-05 7.5970-03

TIME = 1.00000E+02

XX_ REACTION IMPORTANCE FOR NORMALIZED SENSITIVITY COEFFICIENT5 OF O-ORDER TIME DERIVATIVE OF Y(I) HRT PREEXPONENTIAL CONSTANTS _W

VARIABLE

REACTION NUMBER

NORMALIZED SENSITIVITY COEFFICIENT

CO

H2

11 12 16 15

-9.989E-01 9.988E-01 5.121E-01 -5.119E-01

24 25 43 44
1.426E-OZ -1.366E-OZ 1,360E-02 -1.359E-02

49 50 34 33

1.955E-0_ -1.598E-04 -6.284E-05 5.963E-05

21 29 38 30
2.762E-06 -1.626E-06 -1.597E-06 1.596E-06

52 51 7 40

ZO 19 Sl 32 4B 47

5.104E-01 -5.104E-01 -4.963E-01 4.949E-01 -4.B67E-01 4.847E-01

26 25 45 13 14 46

2.727E-03 -2.511E-03 1.894E-03 ].O05E-O3 -9.717E-04 -2.077E-04

lO 9 27 28 37 22
1,31VE-05 -1,Z13E-05 -B.VBOE-O6 B.614E-06 3.012E-06 -Z.ESBE-O6

41 18 17 _2 36 35

1.$97E-07 8.208E-08 -7.435E-08 -5.645E-OB -2.069E-09 2.022E-09

5 39 8 1 5 4
-4.040E-12 -1.261E-12 2.117E-15-1.972E-09

6 2
2.071E-IB 9,892E-21

22 Z1

-9.994E-01 9.994E-01

2_ 23
l.q26E-02 -l.365E-B2

54 II
-6.519E-05 -6.165E-05

50 14
-5.656E-07 -2.775E-07

52 51
1.293E-Q9 -5.190E-10

6 2
2.024E-18 -I.O12E-19

4.891E-10 -4.622E-10 -6.291E-11 -2.1_4E-11 8.342E-12 _.922E-12

16 15 20 19 31 52 48 47

5.131E-01 -5.129E-01 5.101E-Ol -5.101E-Ol -4.966E-01 _.953E-01 -4.B68E-01 _.BBOE-OI

43 q4 26 25 _5 13 17 _6
1.359E-02 -1.559E-02 2.728E-03 -2.512E-03 I.B96E-03 6.096E-04 -5.623E-04 -2.076E-04

55 29 50 27 2B 37 38 49
5.974E-05 2.855E-05 -2.817E-05 -9.105E-06 8.621E-06 3.013E-06 -1.596E-06 4.074E-07

13 12 41 55 36 42 9 10
2.673E-07 -2,511E-07 1.398E-07 -5.575E-08 5.420E-08 -5.404E-08 -2.601E-08 1.8BIB-DE

7 40 59 S 1 8 S
S.OO5E-XO 1.179E-]O -7.357E-11 1.q71E-11 2,775E-12 1.515E-12 8,662E-13 2.090E-15

(LSENS) END OF THiS CASE

SUMMARY OF COMPUTATIONAL WORK REQUIRED FOR PROBLEM,

TOTAL NO. OF STEPS - 183
TOTAL NO. OF DERIVATIVE EVALUATIONS - 255
TOTAL NO. OF JACOBIAN EVALUATIONS - 31
TOTAL CPU TIRE - 10.530002 S

WORK REQUIRED DY SENSITIVITY ROUTINE,

NO. STEPS = IB3
N0. Fur(c. EVAL. = IB5
NO. JAC. EVAL. = 183
TOTAL REAL SPACE USED =
TOTAL INTEGER SPACE USED =

4204
62

TOTAL CPU TIME (INCLUDING I/0) REQUIRED = 12.240001S

CLSENS) READ DATA FOR NEXT CASE
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TABLEE.2.--Continued.
(g)Case7

cc
_ DATA LINES _

1 2 3 _ 5 6 7 B
_34567_9_3_6789_234567_9_3_56789_34_6789_3_6789_3456789_3_a7_9_

SIMPLE NOHISOTHERMAL TEST CASE R>P CASE 7

HER
DUMR > DUMP 1.0 1.0 0.0

BLANK LINE -
- BLANK LINE -

TIME PRESSURE

&prob pcon=.true., se ncal=.true-, senstd='tru_'"
pr2nt:l,OE-O6,I.OE-O_,l.OE-02, &end

&start t=lO00,O, p=l,O, &ond
DUMR 1.00
END

&solver emax=l.OE-3, atolsp=l.OE-12, &end

INIT
ALL END
SENSVAR
ALL END
REAC

&sonrxn sonsa_=,true.s sansn3 =.true,, iens°3='true'" allrxn='true'"
&end

FINIS

TIME O.O0000E+O0 5EC

FLON PROPERTIES

PRESSURE 1.00000
(ATM)

VELOCITY 0.00
(CM/SEC)

DENSITY I.ZIB68E-OS
(G/CMW_3)

TEMPERATURE 1000.00

(DEG K)
MASS FLOH RATE O.O00OOE+OO

(G/SEC)
ENTROPY 3_.5388

(CAL/G/DEG K)
MACN NUMBER Q.OOOB

GAMMA 1.6596

ENTHAIPY S.O000OE+O3
(CAL/G)

SP. HEAT (CP) 5.00OOOE÷O0

(CAL/G/BEG K)

SPECIES CONCENTRATION MOLE FRACTION
(MOLES/CH_3)

DUMR 1.ZI868E-O5 1.00000E+O0
DUMP 0.000O0E÷O0 O,OO000E_O0

DERIVATIVES (CGS UNITS)_ T

MIXTURE MOLECULAR HEIGHT l.O0000

_W INITIAL CONDITIONS _W

AREA O.O0000E+O0 SQ CM AXIAL POSITION

INTEGRATION INDICATORS

STEPS FROM LAST PRINT

AVERAGE STEP SIZE

METHOD ORDER

TOTAL NUMBER OF STEPS

FUgCT EVALUATIONS

JACOBIAN EVALUATIONS

0.0000QE+00 CM

0

O.OOO00E_O0

0

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE CONST NET REACTION CONV RATE
RATE (MOLE/CMW_3/SEC) NUMBER CGS UNITS (MOLE-CM_W3/G_2/SEC)

-I.ZI868E-OZ 1 1.O000E÷03 8.ZO560E+07
I.ZI868E-OZ

1.OO000E+06 RHO -I.21868E-OZ

TOTAL ENERGY EXCHANGE RATE -_.IO280E+lI MASS FRACTION SUM
(CAL-CM_3/G_2/SEC)

NET RATE/POSI-
TIVE OIR RATE

l.O0000

l.O000OOOO

CPU TIME FOR INITIALIZATION OF LSENS : 0.359999 S
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TAB LE E,2.---Continued.

(g) Continued.

TIME 1.O0000E-OZ SEC AREA O.O000GE+O0 SQ CM AXIAL PO$1TIOfl

FLON PROPERTIES INTEGRATION INDICATORS

PRESSURE 1.OOO00 STEPS FROM LAST PRINT

(ATM)
VELOCITY O.O0 AVERAGE STEP SIZE

(CM/SEC)
DENSITY 6.09B_ZE-06 METHOD ORDER

[G/CHx_S)
TEMPERATURE 2000.00

CDEG K)
MASS FLOH RATE O.OO000E÷OO TOTAL NUMBER OF STEPS

(G/SEC)
ENTROPY 58.0045 FUIICT EVALUATIONS

(CAL/G/DEG K)
HACH NUMBER 0,0000 JACOBIAN EVALUATIONS

GAMMA 1.6596

ENTHALPY 5.00DOOE+03
(CAt/G)

SP. HEAT (CP) 5.BOOOOE÷O0
(CAL/G/DEG K)

CHEMICAL PROPERTIES

SPECIES CONCENTRATION MOLE FRACTION NET SPECIES PRODUCTION REACTION RATE CONST )lET REACTION CONV RATE
(MOLES/CMWWS) RATE (MOLE/CM_S/SEC) NUMBER CGS UHITS (MOLE-CMw_3/G_WZ/SEC)

DUMR 2.47386E-14 4.05656E-09 -4.94773E-11 1 Z.OOOOE+03 1.33036E_00

DUMP 6.09842E-06 1.O0000E÷O0 4.94773E-1I

DERIVATIVES (CGS UNITS), T 8.1131ZE-03 RHO -2._7586E-II

MIXTURE MOLECULAR HEIGHT 1.00000 TOTAL ENERGY EXCHANGE RATE -6.651BZE÷OS MASS FRACTION SUM
(CAL-CM_3/G_Z/SEC)

O.O00UOE_O0 CM

69

0.14541E-0_

4

64

101

13

NET RATE/POSI-
TIVE DIR RATE

1.00000

1.OOOOOOO0

COMPUTER TIME (CPU) REQUIRED_ FOR THIS STEP - 5.199997E-01 S UP TO THIS TIME - 4.000015E-01 S

w_N_ SENSITIVITY CALCULATIONS WHere

TIME = I.O0000D-OZ

SENSITIVITY COEFFICIENTS OF 0-OROER TIME DERIVATIVE OF DEPENDENT VARIABLES

_W_a SENSITIVITY TO INITIAL CONDITIONS wNw_

OZ(I)/DYZEROIJ)_FEJ)/ZII), HHERE ZCI) = O-ORDER TIME DERIV. OF Y(I), I=COLUHH, J=ROH
FCJI= YZERO(J) FOR YZERO(J) NOT EQUAL TO 0

= 1.OE-4/(INITIAL MHT) FOR YZERO(J) = 0

PARAMETER

DUHR
DUMP
TEMP

DENSITY

DUMR DUMP TEMP DENSITY

1.OOZD+O0 1.OOOD÷O0 -2.952D-05 2.9769-05
9,555D-0_ 1.O00D-04 -5.000D-05 4.9909-05

-I.0S4D+0I 4.275D-08 5.OOOD-OZ 4.9850-01
0.000D+00 0.0000+00 0,O00D+00 1.000D÷00

_NW NORMALIZED SENSITIVITY COEFFICIENTS H.R.T THE PREEXPONENTIAL CONSTANTS w_

DZ(I)/DA(JIWA(J)/Z(I) WHERE Z(I)= O-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=ROH

REAC HUM DUMR DUMP TEMP DENSITY

1 -Z.OO9D+OI 8.150D-08 4.0759-08 -4,520D-04

_wx NORMALIZED SENSITIVITY COEFFICIENTS H.R.T THE TEMPERATURE EXPONENTS KW_w

DZ(I)/DN(J)/[ZII)WLN(TO)] NHERE Z(I) = O-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=ROH

REAC NUM DUMR DUMP TEMP DENSITY

1 -2.199D+01 8.9ZOO-OS 4.460D-OB -3.89gD-04

_x_ NORMALIZED SENSITIVnY COEFFICIENTS N.R.T THE ACTIVATION ENERGI[S _xe_

DZ(1)/DE(J)_I-R_TO/ZII)], NHERE Z(I)= O-ORDER TIME DERIV, OF Y(I), I=COLUMN, J=RON

REAC NUM DOMR OUMP TEMP DEHSIIY

1 -I,05_O÷0I 4.275D-00 2.LSBD-OB -7.4950-04
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TABLE E.2.--Continued.

(g) Concluded.

_x_xx SENSITIVITY CALCULATION5 _xx_

TIME = I.OOOOOD-OZ

SENSLTIVITY COEFFICIENTS DF l-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES

_xl SENSITIVITY TO IIIITIAL CQNDITI0tlS _x_

DZII)/DYZERO(J)_F(J)/Z(I), NHERE Z(1) = I-ORDER TIME DERIV. OF Y(1), I=CDLUMI_, J=ROH
FIJ)= YZERO[J) FOR YZERO{J) NOT EQUAL TO O

= I.OE-4/(INITIAL MNT) FOR YZERO(J) = 0

PARAMETER

DUMR
DUHP
TEMP
DEIISITY

DUHR DUHP TEMP DENSITY

I.O02D÷O0 I.O02D_O0 1.655D-03 1,694D-03
9.037D-04 9.037D-04 8.0570-04 9.036D-04

-1.O02D_OI -I.O02D÷O1 -l.O02D÷O1 -I.O0?D÷O1

O,O00D÷O0 O.O00D_O0 O.O00D÷00 1.OODD+O0

w_w_ NORMALIZED SENSITIVITY COEFFICIENTS H.R.T THE PREEXPDNENTIAL CONSTANTS ww_w

9Z(I)/DA(JI_A[J)/Z(I) NHERE Z(I) = Z-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=ROH

REAC HUM DUHR DUMP TEMP DENSITY

1 -1.9069÷01 -1,9069+01 -1.906D+Ol -1.906D+01

WN_x NORMALIZED SENSITIVITY COEFFICIENTS H.R.T THE TEMPERATURE EXPONENTS Ww_

DZ{I)/DNIJ)/[ZII)_LN(TO)] NHERE Z(I) = Z-ORDER TIME DERIV. OF YEI), Z=COLUMN, J=RON

REAC NUN DUMR DUMP TEMP DENSITY

I -Z.OD6D+OZ -Z.OE6D+01 -2.QDED+OI -2.OB6D÷OI

_w HORMALIZED SENSITIVITY COEFFICIENTS H.R,T THE ACTIVATION ENERGIES W_x_

DZ(II/DE[J)_[-RXTO/Z(I)3, HHERE Z(I)= I-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=RON

REAC NUM DUMR DUMP TEHP DENSITY

1 -1.OO2D+OL -1.0029+01 -1.002D+01 -I.QQZD+OI

(LSENS) END OF THIS CASE

SUMHARY OF COMPUTATIONAL HORX REQUIRED FOR PROBLEM*

TOTAL NO. OF STEPS - 84

IOTAL NO. OF DERIVATIVE EVALUATIONS - lOl
TOTAL NO. OF JACDBIAN EVALUATIONS - 13
TOTAL CPU TIME - 0.400002 S

NORK REQUIRED BY SENSITIVITY ROUTINE,

NO. STEPS = 84
NO, FUNC. EVAL. = 84
NO, JAC. EVAL. : 84
TOTAL REAL SPACE USED =
TOTAL INTEGER SPACE USED =

264
48

TOTAL CPU TIME [INCLUDING I/OI REQUIRED = 0.980000 5

(LSEN5) READ DATA FOR NEXT CASE
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TABLE E.2.---Continued.

0a) Case 8

REACTION
HUMBER

I
2
3
4
S
6

7
8
9

I0
II
12
13
It
15

16
17
18
19
20
21

22
23
24
25
26
27
28

29
30
31
32
33
34
35
36

37
38
30
40

M{H2
MtO2

H(H2
M(il2

M(D2

TIME-PRESSURE VERSION

I_CO

l_CO
1_C0
I_CO

l_N
l_O

1_0
I_HO2

IWH2
l_ON

IWH
M

IWH2
I_H

M
IXH

M
H

IIHO2
1_0
llltO
lxNOZ
1KNO
1_0
I_NO

M
IxO

]KO
1WN
l_NZO
lXN02
1WOH
I_OH

I_HNO
I_H
I_HNO

LEHIS SENSITIVITY AND GENERAL KINETICS PROGRAM NASA LENIS RESEARCH CENTER

CASE 8HYDROGEN COMBUSTION IN STANDARD AIR AT 3.10 ATM.

REACTION REACTION RATE VARIABLES
A R ACTIVATION

ENERGY

+ l_O = IWCO2 + M S.BD800E+IS 0,0000 4100.00
+ 1_02 1wCO2 + 1_0 2.51200E+12 0.0000 47690.00
+ l_OH 1WC02 + 1wH 4.16900E+11 O.O000 1000.00
÷ 1XHO2 = I_C02 ÷ IWOH 5.754001_13 0.0000 229S0.00
÷ ]_H20 = 2WOH 6.800001+13 0.0600 18365.00
+ IW02 = I_OH + IXO 1.89000E_14 0.0000 16400.00
+ l_H2 = 1wON + lxH _.20000E÷14 O.O000 13750,00

÷ I_HO2 l_H2 + 1_02 7.28000E+13 0.0000 2126.00
+ I_H02 : 1NON + IX02 S.O0000E+13 0.0000 1000.00

I_OH 1wH20 + 1_02 8.000001+12 0.0000 O.O0
+ l_H02 = 2_0H 1.340001+14 0.0000 1070.00
÷ I_H02 IWH202 + IKH 7.910001+15 0.0000 25000.00
÷ 1_H202 1_H20 + I_HOZ 6.10000E÷12 0.0000 1430.00

2_H02 1_H202 + 1W02 1,80000E+12 0.0000 0.00
+ lXH202 = I_OH + I_HZO 7.80000E&lI 0.0000 0.06

÷ 1WH202 2wON 1.qqO00E÷17 0.0000 45510.00
+ I_OH = 1WH2Q + I_H 4.74000E÷13 0.0000 6098.00
+ 1WO2 I_H02 +' M 1.46000E÷15 0.0600 -lO06.0O
÷ l_H20 I_H + I_OH 1.300001÷15 0.0000 105146.0D
+ 1_0 = I_0H + M 7.10000E÷18 -1.6000 0.00
÷ I_H2 = 2_H 2.20000E+1_ 0.0000 96000.00

+ 1w02 2_0 1.800001÷10 -1.0000 118020.00
+ I_NO = I_HOZ + lXOH 2.09000E_12 0.0000 -A77.00

I_NO2 = I_HO * 1_02 1.000061+13 0.0000 596.00
+ 1wO l_HO2 + M 5.62000E÷13 0.0000 -1160.00
+ IwH = 1wHO ÷ l_ON 3.47000E÷14 0.0000 1470.00
+ 1WO 1WN + 1_02 _.80000E÷09 1.0000 41570.00
+ l_N2 I_NO + l_H 1.80000E+l_ 0.0000 76250.00

+ I_H = l_H ÷ I_OH 2.63000E÷1_ O.O000 50410.00
+ 1_1120 1_N2 ÷ 1_0 6.92000E+23 -2.5000 65000.00
+ lWN20 IwN2 + 1_02 1.00000E+14 0.0000 28020.00
+ I_l¿2O = 2_I}O 6.92000E+13 0.0000 26630.00
+ IWII02 2_N0 4,000001÷12 0.0000 0.00
+ I_H IWN2 + I_OH 7.59000E+1S 0.0600 15100.00

l_H2 1WHI;O2 + IwH 2.40000E+13 0.0000 29000.00+
+ I_NO2 = 1WHN03 + M S.O0060E÷IS 0,0000 -3800.00

+ IWNO I_HNO2 + M 5,66000E+15 0.0000 -1700.00
• I_H = 1_H2 ÷ I_NO 5.000001÷]2 0.0000 0.00
+ I_NO = 1WHNO ÷ M 5.40000E÷15 0.0000 -600.00
+ l_OM = l_M20 + lWN0 S,60000E+IS 0.0000 0.00

• 16) = 2.$0000
• lB) = 1.30000
• 19) = _.00000

• 21) = _.10000

• 36) = 0.70000

ALL THIRD BODY RATIOS ARE 1.0 EXCEPT THE FOLLONING

M[OZ

M(N2
M(O2
M(O2

M(H2

• 16) = 0.78000 M(H20 , 16) = 6.00600 M(H202 , 16) : 6.60000
• 18) = 1.30000 M(N20 , 18) = 21.30000 M(H2 . IB) = 5.00000
• 19) = 1.50000 M(H20 , 19) = 20.00000 M(N2 , 19) = 1.50000

• 21) : 2.00000 M(H20 , 21) = 15.00000 M(H2 . 21) = 2.00000

, 36) : 1.40000

TIME 0.00O00Et00

FLOH PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CI'VSEC)

DENSITY

TEHPERATURE
(DEG K)

MASS FLOH RATE
(G/SEC)

ENTROPY
(CAL/G/DEG R)

MACH NUMBER

GAMMA

ENTHALPY
(CAL/G)

SP. NEAT (CP)
(CAL/G/OEG K)

SEC

_ INITIAL CONDITIONS _w

AREA O.O0000E+O0 SQ CM

S.10000

0,00

8.35179E-04

950,66

0.000001÷00

2,3811

0.0000

1.5514

2.28819E+02

3.63657E-61

AXIAL POSITION 0.00000E*00 CM

INTEGRATION INDICATORS

STEPS FROM LAST PRIHT 0

AVERAGE STEP SIZE 0.000001+00

METHOD ORDER 0

TOTAL NUMBER OF STEPS 0

FUNCT EVALUATIONS 0

JACOBIAN EVALUATIONS 0
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TABLEE.2.--Continued.
(h)Continued.

SPECIES CONCENTRATION HOLE FRACTION

(HOLES/CHw_3)
CO 0.00000E_00 0.00000E÷00
O 0.00000E_00 0.00000E+00
C02 8.40100E-09 2.11400E-04
02 5.86721E-06 1.4764OE-01
OH 0.000DOE_00 D.O0000E÷00
H 0.0000OE+00 0.O0000E+00

NO2 0.O0000E_00 0.00000E+00
N20 O.00Q00E+00 0.00000E+00
N2 1.17341E-05 2.95273E-01
H2OZ 0.00000E+00 0.00000E_00
NO 1.7_829E-07 4.50000E-03

NOZ 0.00000E_00 0.00000E÷00
N O.00000E+00 0.00000E÷00
N2 2.16903E-05 5.45807E-01
1120 O.000OOEt00 Q.QO000E÷0O

HN02 0. OQ00QE+Q 0 0. 00000E÷00
HIIO $ 0. 00000E+00 0. 0000OE+0O
|NIO O. 00000E÷0Q 0. O0000E÷O0
AR 2.61015E-07 6.56810E-03

DERIVATIVES ICGS UNITS), T

MIXTURE MOLECULAR NEIGHT 21.01616

CHEMICAL PROPERTIES

NET SPECIES PRODUCTION REACTION RATE CONST
RATE (MOLE/CHxKI/SEC) IIUMBER CGS UNITS

9.55759E-25 I 6.7206E+14

4.21098E-11 2 2.7517Et01
-9.55759E-25 3 2.4555E+I1
-3.39182E-09 4 3.0799E÷08

0.O0000E+00 5 4,0788E÷09
3.35098E-09 6 3.2079E÷10
3.34971E-09 7 2.8988E÷11

0.00000E÷00 8 2.3625E*13
-3.35098E-09 9 2.9449E+13

O.O0000E÷00 10 8.0000E+12
-4.33823E-11 ll 7.6054E_13

4.21096E-11 12 1._153E_08

7.51490E-21 13 2.861_E_12
-6.35262E-2Z 14 1.SO00E_12

1.21953E-16 15 7,8000E+11
0.O0O0OE_00 16 _.9653E÷06
O.O0000E+O0 17 1.8789E_IZ
1,27237E-12 18 2.478BE+|5

0.00000E+00 19 8.7705E-]0
20 7._685E+15
21 1.8738E-00
Z2 1.397_E-12
23 2.6903E_]2

24 7.29_3E+12
25 1,0385E+16

26 1,5936E+14
27 1.II47E_05

28 5.IZ05E-04
29 6.7774E+0Z
30 2.8315E+01
31 3.617fiE+07
32 5.2247E_07

33 4.0000E÷12
54 2,5637E÷10
35 5.1680E÷06
56 2.242_E+16

37 1.3772E÷16
58 5.0000E+12
39 7,_187E÷15
40 3.6000E+15

-5.88487E-01 RNO 5.17001E-07

TOTAL ENERGY EXCHANGE RATE 2,55482E+02

(CAL-CMX_3/G_WZ/$EC)

CPU TIME FOR INITIALIZATION OF LSENS = 1.260000 5

NET REACTION COtlV RATE NET RATE/PQSI-
(MOLE-CMxWI/G_X2/SEC) TIVE DIR RATE

-I.37022E-1B 1.00000
D.OOOOOE÷O0 O,O0000
O.O0000E÷O0 O.O000O
0.00000E_00 0.00000

0.000OOE÷00 0,00000
0.00000E÷00 0.OOD00
O.00000E+00 0.00000

-4.80228E-05 1.00000
O.O0000E_O0 0,00000
O.O0000E_OO 0.00000

0.00000E_00 0.00000
0.00000Ee00 0.00000
O.O0000E+O0 0.00000
O.O0000E40O 0.O0000

0.00000E+00 0,00000
0.00000E_0Q 0.00000
0.0OOQOE÷0Q 0.00000
O.QO000E÷OO 0,00000
O,O0000E_O0 D.O0000
O.O0000E_O0 0.00000

5.26799E-11 1.00000
4.67100E-16 1.00000
O.O0000E_O0 0.00000

-6.05702E-05 1.00000

O.OO000E_O0 0.00000

0.00000E+00 0.00000
0.O0000EI00 0.00000
0.00000El00 O.OOO00

0.00000E+00 0.00000
0.00000E+00 0.00000

-9.10738E-16 1.00000
-1.7_836E-10 1.00000
-1.07737E-14 1.00000

0.00000E+00 0.00000
0.O000OE_00 0.00000
0.OQ000E+00 0.00000

0.00000E+D0 0.OOQ00
-1.82412E-06 1.00000

0.O0000E÷O0 0,00000
0.O0000E+00 0.00000

MASS FRACTION SUM 1,00000000

TIHE 2.00000E-04 SEC

FLOH PROPERTIES

PRESSURE 3.10000
(ATH)

VELOCITY 0.00
(CH/SEC)

DENSITY 3.51245E-04

TEHPERATURE Z5_I.16

(DEG K)
MASS FLOH RATE 0.00000E+00

(G/SEC)
ENTROPY 2,6303

(CAL/G/DEG K)
MACH NUMBER 0,0000

GAMMA 1.2550

ENTHALPY 2.28818E÷02
CCAL/G)

SP. HEAT (CP) 4,13930E-01
(CAL/G/DEG K)

AREA 0.OO00OE*O0 SO CH AXIAL POSITION O.OOOUOEIO0 CM

INTEGRATION INDICATORS

STEPS FRO_ LAST PRINT 132

AVERAGE STEP SIZE 0,15001E-06

METHOD ORDER 3

TOTAL NUMDER OF STEPS 22_

FUNCT EVALUATIONS 379

JACOOIAN EVALUATIONS 39
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TABLEE2.--Continued.
(h)Continued.

CHEMICAL PROPERTIES

SPECIES CONCENTRATION HOLE FRACTION NET SPECIES PRODUCTION
(MOLES/CN_) RATE (HOLE/CM_W3/SEC)

CO 1,67166E-09 1.12459E-O_ 6,63450E-06
0 8.802568-08 5.920798-03 -4.92577E-03

C0Z 1.86148E-09 1.252078-0_ -6.634308-06
02 2.380448-07 1.60113E-02 -6.95371E-0S
OH L50002E-07 2.354198-O2 -4.BII97E-03

2.409378-07 1.62060E-02 -1._8576E-02OZ 2.54128E-10 1.70932E-O5 -9.337378-06
HZO 4.02200E-06 Z.705ZBE-OI 2.365638-02
H2 6.17267E-07 4.15187E-02 -1.3B113E-02
H202 S.0B090E-11 Z.0722BE-06 -5.37954E-06

110 7.516498-08 5.05575E-03 2.46971E-05
1102 1.60514E-11 1.13346E-06 3.56750E-07
N 1.14996E-1! 7.73489E-07 2.63812E-07
N2 9.12211E-06 6.13572E-01 -1.071278-0_
t120 4.13216E-12 2.779388-07 1.75265E-07
HNOZ 4.S4027E-12 2.9:9S6E-07 -3.94736E-07

t_tl03 1.74341E-16 1,17265E-11 -1,699%E-11
HN0 3.67249E-11 2.47019E-06 -S.82BIOE-06
AR 1.097758-07 7.3BS588-03 0.00000E+00

23.62546

DERIVATIVES (CGS UItITS), T

MIXTURE MOLECULAR HEIGHT

1.77523E_U7 Rll0

TOTAL ENERGY EXCHANGE RATE
(CAL-CMK_S/Gx_Z/SEC)

REACTION RATE COtlST
NUMBER CGS UNITS

1 2.6143E+1fi
2 1.9883Et08

3 S.4200E+11
6.1362E+11

5 1,79088_12
6 7.3451E+12
7 2.7586EH3
8 4.778_E+13
9 4.1017E+13

IO 8.0000E+12
11 1.08418÷14
12 5.59868H1

IS 4.5956E_12
1_ 1.80008_12
15 7.80008+11
16 1.7552E+13

17 1.4169E+13
IB 1.7797E+15
19 1.1789E+06
20 2.7940E+15
21 1.21918+06
22 S.01ZSE+04

23 2.29708+12
24 8.8867E_12
25 7.0713E+15

26 2.5936E+14
27 2.6720E_09

28 4.98288+07
Z9 1.2148E+10
_0 5,4610D09
31 3.8920E+1]
32 3.5467E+11

33 _.0000E+12
34 3,BISBE+I2
55 7.6930E÷10
36 6.8670E+15
37 7.841_E+15
SB 5.00008+12
39 6.0813E+I5
40 3.6000E+15

-1.94094E_00

-2.00893E+I0

NET REACTION CONV RATE NET RATE/POSI-

(MOLE-CMx_3/GgK2/SEC) TIVE DIR RATE
4.41273E_01 0,95189

-3.58042E-02 0.05288
-9.947518+01 0,05779

1.60922E+00 0,76161
-2.91B788+03 0.00057

1.7705BE+04 0,00519
4.270968+04 0,00352
1.8341BD04 0.77342
5.75800D05 0.77422
4.46611E+03 0.77_35
_.17194E+04 0,77539

-2,73562E*05 0.7935Z
3.19073E+02 0.79436

-9.16922E-02 0.08868
4.U630EI01 0.95381

-3.072158*03 0,01924

1.01255E_05 0.00408
6.73114E+04 0.79925

-7.92304E_04 0.95470
6.81717E_03 0.95467

-I.05533D04 0.95451
-5.01206E+01 0,954_4

1.55124E÷02 0.43610
6.40614E_01 0.59956
4.99663D03 0.88622

5.1_517D05 0.60163
-6.BSB768tO0 0.04568

8.46624E÷01 0.26106
-7.56614Et01 0.04070
-2.13127E÷01 0.88685

6.85423E-01 0.59734
7.48759E-0I 0.71605

3.SgL87E-03 0.61785
1.04579E*01 0.599_5

-5.02127E+01 0.88560
-1.377898-04 O,0000S

4,70131Et01 0.00189
3.35707E÷02 0.93615
3.81689E+03 0.28760
3.51221E÷05 0.93641

HAS5 FRACTION SUM 1.00000010

COMPUTER TIME (CPU) REQUIRED= FOR THIS STEP - 9.8600018+00 S UP TO THIS TIME - 1.6590008+01 5

_m_M SENSITIVITY CALCULATIONS _N_N

TIME = 2,000OOD-04

SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF DEPENDENT VARIABLES

_e_ SENSITIVITY TO INITIAL CONDITIONS _

DZII)/DYZERO(J)WF(J)/Z(I), NHERE ZII)= O-ORDER TIME DERIV. OF Y(I), I=COLUMN, J=RON
FCJ) = YZENO{J) FOR YZERO(J) NOT EQUAL TO 0

= 1.0E-4/(IHITIAL MNr) FOR YZERO(J) = 0

PARAMETER

CO

O2
H0Z
H20Z
_0
TEMP

DENSITY

CO C02 OH H20 H2 110 TEHP

5.195D-01 4.515D-01 1.378D-04 -2.015D-04 9.540D-04 -9.565D-06 -1.2290-04
1.356D+O0 -I.199D+00 8.467D-01 1.506D-01 5.3BBD+00 -5.852D-02 -3.705D-01

-8.Z92D-01 7.447D-01 3.077D-01 9,769D-01 -4.887D+O0 6.DSZD-OZ 8.7729-01
2.138D_03 -1.920D_03 -7,454D÷03 S.176D+OS -1,209D÷04 1,767D+02 5.770D+03
1.562D*OI -I.403D+OI -5.446D+01 2.321D+01 -B.834D+OI 1.2910+00 2,755D+01
2.729D-01 -2.4S1D-O1 -9.9_3D-01 4.2189-01 -1.6050+00 1.0120+00 4.977D-01

1.10BO+OI -9.946D_00 -3.656D*01 1.577D÷01 -6.004D_01 8.95BD-01 1.906DeO1
-8.6950-02 7.80BD-02 -2.3510-01 9.916D-02 -3.758D-01 4.545D-0_ I.I81D-OI

TIME = 2.00000E-0_

_ REACTION IMPORTANCE FOR NORMALIZED SENSITIVITY COEFFICIENTS OF 0-ORDER TIME DERIVATIVE OF Y(I) NRT PREEXPONENTIAL CONSTANTS _W_

VARIABLE
REACTION NUMBER

NORMALIZED SENSITIVITY COEFFICIENT

6 IB 8 it 17 5
CO

I.OIBE+O0 -6.199E-01 -1.402E-01 1.182E-01 6.086E-02 6.243E-05

6 18 8 11 17 S
C02

-9.145E-01 5.567E-01 1.2598-01 -1.06ZE-OI -5.4658-OZ -fi.606E-05

6 18 g 11 17 5
ON

-3.5538+00 1.9828+00 4.869E-01 -4.1918-01 -2.0568-01 1.2578-O5
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TABLEE.2.---Continued.

(h) Concluded.

6 18 8 II L7 5

HI0
1.515E+00 -8._45E-01 -2.079E-0! 1.79_E-OZ 8.75_E-02 -5.079E-05

6 L8 8 lI 17 5
HZ

-5.766E+00 3,213E+00 7.919E-01 -6.835E-01 -3.338E-01 1.283E-0_

6 18 8 11 17 5
NO

8.430E-OZ -_.704E-02 -I.159E-OZ 9.979E-05 4,Sq7E-O3 -2.308E-06

6 18 8 11 17 5

TEHP
1.798E+00 -1.OOZE+OQ -2.467E-01 2.128E-01 1.OSSE-O1 -3,873E-05

KK_ REACTION IMPORTANCE FOR NORMALIZED SENSITIVITY COEFFICIENTS OF O-ORDER TIME DERIVATIVE OF Y(I) NRT ACTIVATION ENERGIES RX_

VARIABLE

REACTION NUMBER

NORMALIZED SENSITIVITY COEFFICIENT

CO

6 18 8 11 17 5

9.975E-01 -5.887E-01 -1,S16E-O1 I+IZOE-Ol S.767E-OZ Z.Z68E-05

C02

6 18 8 ll 17 5

-8,956E-01 5.286E-01 1.181E-01 -I.O06E-OI -S.179E-02 -2.037E-05

OH
6 18 8 11 17 5

-3.478E+00 1.977E+00 4.579E-01 -3.953E-01 -1.981E-01 3.077E-05

HI0
6 18 8 11 17 5

1.402E+00 -8.421E-01 -1,955E°01 1.6?9E-OI 8._58E-02 -Z.26SE-OS

H2
6 18 8 11 17 5

-5.643E+00 S.ZOSE+O0 7.456E-D1 -6.395E-OL -$.214E-01 9.026E-05

NO

6 18 8 11 17 S

8.Z49E-DZ -4.686E-OZ -I.087E-OZ 9.541E-05 4.685E-05 -1.573E-06

TEMP

6 18 8 11 17 5

1.759E+00 -9.995E-01 -Z.318E-01 1.992E-01 1.OOIE-OI -Z,767E-OS

(LSENS] END OF THIS CASE

SUMMARY OF COMPUTATIONAL HORK REQUIRED FOR PROBLEM_

TOTAL NO. OF STEPS - 228
TOTAl NO. OF DERIVATIVE EVALUATIONS - 579
TOTAl NO. OF JACOOIAN EVALUATIONS - 59
TOTAL CPU TIME - 16.590000 S

HORK REQUIRED BY SENSITIVITY ROUTINE_

NO, STEPS = 228
NO. FUNC. EVAL. = 228
NO. JAC. EVAL, = 228

TOTAL REAL SPACE USED =
TOTAL INTEGER SPACE USED =

3424
80

TOTAL CPU TIME (INCLUDING I/O) REQUIRED = 18.650002 S

(LSEHS) READ DATA FOR NEXT CASE
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TABLE E.2.---Continued.

(i) Continued.

SPECIES

C6H6
OZ
C6HB0
OH
C6H5
CL2HI0

fl
112
0
1120
C_fl3

C4112
C5H5
C0

I llOZ

C2H2
C6HSOH
CS)l&
CSHSO

H202
C4H5
C5|I_OH

HCO

C2115

_ INITIAL CONDITIONS _x

TIME O.O0000E+O0 SEC AREA O.OOO00EeO0 SQ CM

FLON PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CMISEC)

DEIISIrY

TEMPERATURE
(DEG K)

MASS FLOH RATE

(GISEC)
ENTROPY

(CAL/G/DEG K)
MACH NU_IBER

GAMMA

ENTMALPY
(CAL/G)

SP. HEAT (CP)
(CAL/G/DEG K)

2,38680

O,OO

8.19663E-04

1_05.00

O.OOQOQE+O0

1,19_5

0.0000

1._607

1.76_59E+02

1,59128E-01

CHEMICAL PROPERTIES

CONCENTRATION
(MOLES/CH_3)

3.49B/BE-07
2.604_3E-06
0.00000E_00
0.00000Et00
0.00000E÷00
0.00000E+00
0.00000E÷00

0.00000E_00
0.00000E÷00
0.00000E÷00
0.0O000E+00

0.0B000E+00
O.0O000E+00
0.00000E_00
0.00000E+00
O.00000E+00

0,00000E+00
0.00000E÷00
0.00000E+00
0.O0000E+00

0.O0000E_00
0.O0000E+00
0.00000E_00
0.00000E÷00
0.00000E_00

MOLE FRACTION

1.69000E-OZ
1.25820E-01
O.OOQOOE+O0
O.OOOOOE+O0
O.OOOOOE+QO
O.OO00OE+O0
O.O0000E_O0
O.OO000E+OO

O.QOOOOE÷O0
O.OOOOOE÷O0
O.O0000E+OO

O.O0000E+O0
O.O0000E+O0
O.O0000E+O0
O.O0000E÷O0
O.OOOOOE+OO
O.O0000E+O0

O.OOOOOE÷O0
O.OOO00E_OQ
O.O0000E÷O0
O.O0000E_O0

O.OO00OE+OO
O.O0000E+O0
O.O0000E_O0
O.O000OE_O0

NET SPECIES PROOUCTIOH REACTION
RATE (MOLE/CM_3/SEC) NUMBER

-L.87557E-0_ 1

-I.&750ZE-O_ 2
1.87502E-04 5
X.8750ZE-B_ 4
5.55085E-08 5
O.O0000E+O0 6
5,55085E-08 7
O.O00OOE+OO 8
6.05693E-1_ 9

O.QOOOOE÷O0 I0
O.OOOOOE+OO 11
O.O0000E+O0 12

O.O00OOE÷O0 13
O.O00OOE+O0 14
O.O0000E÷O0 15
O,O0000E+O0 16
0.00000E+00 17

O.OQOOOE+O0 18
O.O0000E+O0 19
O.00000E+O0 20
O.O00OOE+O0 Zl

O,O0000E+O0 22
O.OOOOOE+O0 25
0.000O0E+00 24
O.OOOOOE+OO 25

AXIAL POSITION O.O000OE+O0 CM

IltTEGRATION INDICATORS

STEPS FROM LAST PRII&T O

AVERAGE STEP SIZE O,OOO00E÷O0

METHOD ORDER O

TOTAL NUMBER OF STEPS 0

FUItCT EVALUATIONS O

JACOBIAN EVALUATIONS 0

RATE COIJST NET REACTIOll CONV RATE NET RATE/POS]-
CGS UIIITS (MOLE-CM_WSIGW_Z/SEC) TIVE DIM RATE

2.0574E+Q8 2.79071E_OZ l.O0000
9.5_67E+]0 O.O0000E_O0 0.00000
1.5865E-01 8.Z6167E-O2 1,0O000

8.1tl8EtII O.OOO00E_OQ O.OOOOO
4.7946E+12 O.O0000E_O0 0.00000
_.1539E÷]2 O.O0000E_OO 0.00000
4.644ZE+06 O.OOOOOE_DO O.O0000
5,7256Et0_ O.OOOOOE_O0 O.O0000
1._463E+11 O.O0000EtO0 O.O0000
1.3979E+13 O,OOO00E_O0 O.O0000

2.3500E_02 O.OO000E+O0 0.00000
q,Og73E+02 O.OO000E+O0 0.00000
1.2942E+12 O.OO000E÷OO 0.00000
t.3523E+I2 O.OOOOOE4OO 0.00000
3.1799E+10 O.O00OOE+O0 0.00000

1.9399E+0_ O.OOOOOE+OO 0.00000
6,0009E+09 O.O0000EtO0 0.00000
3.000OE+13 O.O0000E+O0 0.0O000
1.7530E+13 O.O0000EmO0 O.OO000

|.59Z7E_14 O.O0000E_UO O.OOOO0
I.OOOOE+13 O.OOOOOE*O0 O.O0000
1.OOOOE+I_ O.O0000E*O0 0.00000
3.7835E+11 O.OOO00E+O0 O.O000O
2.0000E+13 O.O0000E_O0 O.OOOO0

3,1000E+12 O.O000OE*OO 0.00000
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C2HO
C21!

C3112
C2t14
CH3

CH20
CH2
C2N20
CH
C02
C3N_
C3H_

CH4
CH30
AN

O.O0000E+00
O,O0000E+O0
O.O0000E+O0
O.O0000E+O0

O.OOO00E+O0
O.O0000E+O0
O.O0000E+O0

O.O0000E+O0
O.O0000E÷O0
O.O0000E+O0
O.O0000E+00
O.O0000E+O0
O,O0000E+O0
O.O0000E+O0
1,77481E-05

DERIVATIVES (CGS UNITS)_ T

MIXTURE MOLECULAR HEIGHT

TABLE E.2.--Continued.

(i) Continued.

O,O0000E+O0
O,OQOOOE÷O0
O.O0000E+O0

O,O0000E+O0
O,O00OOE÷O0
O.O0000E+O0
O.O0000E+O0

O.O0000E+O0
O.OQOOOE+O0
O,00000E+O0
O.O0000E+O0
O.O0000E+O0
O.O0000E_O0
O.O000OE+O0
8,57280E-01

O.O0000E+O0
O,O00QOE+O0

O.O0000E+O0
O,O0000E÷O0
O.O000QE+O0
O.O0000E+O0
O.O0000E+O0

O,O0000E+O0
O.O0000E+O0
O.O0000E÷O0
O.O0000E+O0
O,OOOOOE÷O0
O.O0000E+O0
O.O00OOE+O0
O.O0000E+O0

-5.10692E+03 RHO

39,59Z83

26 1.0678E+08 O.O0000E+O0
27 l.O000EtI3 O,O0000E_O0
Z8 3.0000E+13 O.O0000E_O0

• 29 1.2000E÷12 O.O0000E+O0
50 9.1477E+04 O.O0000E+O0
31 3.08Q7E+IZ O.O0000EtO0
$2 2,2090E+I2 O.O0000E+O0
35 4.1905E+12 O.O0000E+O0

34 I._145E+12 O.O0000E÷O0
35 3.1585E+10 O.O0000E+O0
56 4,S528E+IZ O.O000OE_O0
37 6.DQOOE+12 O,O0000E+O0
38 5,0120E÷12 O.OOOOOE÷OO
39 3,0200E}15 O.O000OE+O0
40 S.0200E+15 O.O0000EtO0
AI _.3000E+15 O.O0000E+OD
_2 4.0000E+13 O.OOO00E+O0
43 5.0120E+12 O.O000OE_O0
44 3.24_OE+Og O.O0000E+O0

45 S.5700E+09 O.O0000E*O0
46 1.1113E+12 O.O0000E+O0
47 9.4630E-01 O,O0000E+O0
4B 1.4495E+05 O.O0000E+O0
49 4.6314E+IZ O.O0000E_O0
50 8.7878E+12 O,O0000E+O0
51 5.I_24E+lI O.O0000E_O0
52 2,9788E+11 O.QOOOOE_O0
53 3.0000E+13 O.O0000EeO0

54 1,1286E+12 O.OOOOOE÷00
55 1.5495E+07 O.O0000E*OO
56 2.8000E+1S O.O0000E40O
57 2.5610E+12 O.O0000E_O0
58 3.3102E+12 O.O0000EtO0
59 4.2722E÷I2 O.O0000E_O0
60 2,8481E+12 O.OOO00EtO0

61 2.0000E+13 O.O0000EeO0
62 9.288_E+06 O.O0000E+O0
63 5.g63IE+ll O.O0000E+O0
64 1,2020E+I2 O.O0000E+O0
65 1.0000E+13 O.O0000E+O0

66 5.0000E+33 O.O0000E+O0
67 3.0000E+13 O.O0000E+O0
68 4.8854E+12 O.00000EtO0
69 1,O000E+13 O.OOOOOE_O0
70 Z.OOOOE_l$ O.O0000E+O0

71 2.9217E÷13 O.O000OEtO0
72 5.0120E*13 O.O0000E+O0
73 4.0973E_03 O.OOOOOE+O0
74 1.5456E+05 O.O000OE+OO
75 1.775_E+12 O.O0000EeO0

76 4.1555E+12 O.O00OOE+OO
77 2.8556E+12 O.OOOOOE+O0
78 1.4756E÷09 O.O0000E+O0
79 6.3000E+12 O.O0000E+O0
80 2.7064E+I0 O,O0000E+O0
81 1.1660E+ll O.O0000E+O0
82 2.0000E+13 O.O0000E_O0

85 1.0528E+11 O.O0000E*O0
84 6.2924E+13 O.O0000E_O0
_5 4.3705E+10 O.00000E_O0

86 1.1320E+13 O,O0000E+O0
87 2,0000E+13 O.O0000EtO0
88 1,2569E+04 O.OOOOOE_O0

89 1.9519E+13 O.O0000E+O0
90 5.9881E+12 D.OOOOOEtQO
91 9.9559E_12 O.O0000E_O0
92 3.4146E+13 O.O0000E+O0
93 1.II32E+12 O.OOO00E+O0

94 2.698AE*11 O.O0000E+O0
95 1.O000E+14 O.O0000E+O0
96 1,9950E+14 Q.OOOOOE+O0
97 1,0000E+14 Q.OOOOOE}O0
98 l.O000E÷I3 O,O0000E+OO
99 1.3586E+15 O.O0000E_O0

IO0 9.5431Et04 O.O0000E_O0

IO1 2.9146EtlL O.O0000E+O0
IOZ 1.5591E+10 O.O0000E+O0
103 9.4582E+10 O.00000E÷O0
104 5.3140E+11 O.O00OOE+O0
105 3.0508E+12 O.O0000E+O0
106 3.3996E+13 O.O0000E_O0
107 3.494BE+13 O.O0000E+O0
108 8.0000E+12 O.O00OOEtO0

109 9.1341Et13 O.OQOOOE_O0
IlO 1.02IgE+IO O.O0000E_O0
Ill 3.6550E+12 O.O0000E_O0
112 1.8000E+12 O.O0000E_O0
113 7.8000E+11 O.OO000E_O0
114 1.2001E+]O O.O0000E+O0
115 5.3361E_12 O.O0000E*O0
116 2,0888E+15 O.O0000E_O0

117 5.7447E-02 O.O0000E+O0
118 5.0534E_15 O.O0000E_O0
119 2.5673E-0] O.O00OOEtO0
120 5.6158E-04 4.50745E-08

O.O000QE+QO

TOTAL ENERGY EXCHANGE RATE 2.68773E+05
(CAL-CMxw3/G_xZ/SEC)

CPU TIME FOR IIIITIALIZATION OF LSENS = 2.129997 S

MASS FRACTIOt! SUM

D.OOOOQ
O,O000D
O.0000O
0,00000
0.00000

0.00000
0.00000
0,00000
0.00000
0.00000
o.00000
0.00000

0.000o0
O,OOOO0
0.00000
O,O000O
O.OflO00
O.O00OO
0.00000

0.00000
0.00000
O.OOO00
O.O000O
O.O00OO
O.OOO00
0.00000
O.O000O

0.00000
0,00000
O,O00OO
0.00000
O.OOOOO
0,00000
0,00000

0.00000
0.00000
0,00000
O.O000O
0.00000
O.OOOO0

O.O0000
O.O000O
0.00000
0,00000
0.00000
O.O00OQ
O.O000O

O.OOOO0
0.00000
0.00000
0.00000
0.00000
0.00000

0.000o0
0.00000
0.00000
O.O0000

0.o0000
0.00000
0.00000

O.O000O
O,O0000
0,00000

0.00000
0.00000
O.O0000
0.00000
O.OOOOO
0.00000
0,00000

0.00000
0,00000
0.00000
O.O00QQ
O.0OOO0
0.00000

0.00000
0.00000
0.00000
0,00000
O,OOOOO
0.00000
0.00000
0.00000

0,00000
0.00000
0.00000
0.00000
O.OOO00
0.00000
O.O0000

O,O0000
O.O00OO
0.00000
1.o0000

1,OOO00000
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TABLEE.2.--Continued.
(i)Continued.

TIME 5.02811E-04 5EC AREA O.OQOOOE+OQ SQ CM AXIAL POS[llOtl 0.000OOEO00 CH

FLON PROPERTIES

PRESSURE
(ATM)

VELOCITY
(CM/SEC)

DEIISITY
(G/CH_X$)

TEMPERATURE
(DEG K)

MASS FEDN RATE
(G/SIC)

EOTROPY
(CAL/G/DEG K)

HACH NUMBER

GAMMA

ENTHALPY
CCAL/G)

SP. HEAT (CP)

(CAL/G/DEG K)

5.65501

0,00

8.19683E-04

2068,59

O.00000E+00

1.2012

0.0000

1.4815

2.15538E_02

1.59794E-0I

INIEGRAllON INDICATORS

STEPS FROM LASI PRIHT 50

AVERAGE STEP SIZE 0.81055E-06

METHOD ORDER 5

TOTAL IIUHfiER OF SLIPS 200

FUNCT EVALUATIONS 505

JACOSIAU EVALUATIONS 56

CHEMICAL PROPERTIES

SPECIES

C6 H6

02
C61t50
OH
C6il5
C12HIO
H
if2
O

H20
C6H_
E4tl2
C5115
CO

II02
C2tl2

-- C6115011

C5H6
CSIISO
H202
C4115
CSH40H

C4H4
_iCO
CZHS

C2110
C2H

C3H2
C2H4
CH3
CH20
CH2

CZH20
CH
CO2
C3H$
CSH4

CH4
CH30
AR

140

COHCENfRATION
(MOLES/CH_xS)

1.95706E-08
1,67348E-06
3.77705E-09
6.27174E-08
3.50165E-09
4,41770E-09
2.4654ZE-08
2.52278E-08
4.92998E-00

4.92184E-07
7.15460E-09
2.53546E-10
3.16265E-08

9.92200E-07
4.94453E-I0
2.03938E-00

1.67321E-08
7.93748E-09
2.169O2E-17
1.13976E-11
5.58781E-12
7,07076E-15

9.27112E-00
2,71147E-10
5,51954E-10

8.48947E-09
3.21462E-11

6.91686E-10
4.51217E-12
5.07427E-11
2.67725E-09
7.02250E-09
6.55580E-10

8.02821E-12
1.16558E-07
1.41642E-09

4.73461E-10
5.71018E-12
1.40651E-13
1,77481E-05

HOLE FRACTION

9.13868E-04
7,81449E-02
1.76572E-04
2.92865E-03
1.63515E-04
2.06289E-04
1.15125E-03
1,17804E-03

2.30210E-03
2,29850E-02
3.54091E-06
1.09057E-05
1.47685E-05

4,63318E-02
2,30890E-05
9,52311E-04

7.81323E-04
3.70649E-04
1,01284E-12
5.32223E-07
1.67536E-07

5.30176E-10
4.52924E-03
1.26615E-05
2.48401E-05

5.96424E-04
1.50110E-06

5.22990E-05
2.10700E-07
2.56948E-06
1.25016E-04
3.27923E-04
3.06150E-05

3.74885E-07
5.43252E-03
6.61411E-05
2.21087E-05

2.66643E-07
6.56784E-09
8.28766E-01

NET SPECIES PRODUCTION REACTIOH
RAIE [HOLE/CM_XS/SEC) NUMBER

-1.16032E-02 1
-1.40865E-01 2
-1.37958E-05 3

3.07656E-02 4
-1.30945E-05 5
-4.90881E-04 6

1.20295E-02 7
4.91011E-03 8

2.83527E-02 9
4.89969E-02 10
1.77918E-05 11
7.05050E-05 12

-1.03812E-02 13

1.11641E-01 14
-4.81231E-05 15

-7.68259E-03 16
-9.96410E-05 17
-4.42616E-05 18

3.29176E-07 19
1.00203E-06 20

-1.77523E-06 21

-3.12696E-07 22
1.98356E-02 23
2,06916E-05 24

3.36206E-06 25
6.98143E-04 26
1.12092E-05 27

4.52965E-04 28
-5.34455E-07 29
-5.01826E-06 30
-1.05448E-03 31

2.79024E-03 32
-5.48518E-05 53

8,95177E-06 54
3.690[0E-02 35
2.48428E-04 36
7.81681E-05 37

-9,5_263E-07 58

-4,755_7E-09 39
O.O0000E+00 40

41
42
43
44
45
46
47

48
49
50
51
52
53
54

55
56
57
50
59
60
61
62
63

64
65
66
67
68
69
70

71
72
73
74
75
76

77
78
79
80

8I
82
83

84
85
86
87

RATE COHST HET REACIION CONV HATE IIET RAIE/POSI-
CGS UNITS (MOLE-CM_3/GXX2/SEC) TIVE DIR RATE

1.0231EJ10 4.98_96EI02 0.99956
1.5117E_II -5,82333E÷02 0.97421
3.8875EJ04 -].099LOE_04 0.90660
5.0994Et12 3.60007EI03 0.98308
8.4288Et12 1.20054E_04 0.99846
6.9969E_12 1,25907Et04 0.98502
4.5805E_09 1,04350Et03 0.99899
5.7753E÷06 3,24665E_04 1.00000

3.4120E+II 2.89061E*03 0,97137
1.5681E÷13 4,03808E+01 0.99929
9.7795E,05 5.09657EL03 0.99996
1.0086E_07 -3.54715EI04 0.12575

3.2116E_12 -6.84638EI01 0.03356
5.6246E_12 3.44714E,03 0.99820
5.7709E+II -I,12_32E_02 0.19831

5.1665E÷06 5.19566E,03 0,08509
6.4826Eti0 1.28162E_03 1.00000
3.0000E_13 4,67815EI04 0.99840
2.0828E_13 2,53738E_02 0,989_7
7.8046E÷14 2.49529E_04 0.99037
1.0000E_I3 2.32062EI04 I,O0000

1.0000E+]3 2.95221E104 I.O0000
4.7388E_12 2.95225E,04 0.59198
2,0000Et13 4.65495EI02 1.00000

3.1000E_12 -1,48276E-102 0.72385
4.6795E÷09 2.49555E_04 0.99869
1.0000E+I3 1.71315E_02 0,99970

3.0000E+13 6.53612E+02 0,99938
1.2000E+12 2.05640E_01 ],00000

6.5102E÷00 8,60995E-02 0,91959
3.5403E+12 -2.10709E_00 0.59406
2.5152Ee12 8.32743E-01 1.00000
7.4433E+12 1.41809E+00 0.57544

1.5795E÷12 6.61514E-01 0.99635
1.2482E+12 2.05514E÷04 0.97110
4.2296E÷12 5.60402E÷03 1.00000
6.00DOE+12 1.17113E+02 0.99995
5.0120E÷12 2.48865E+02 0.99996
3.0200E+13 1,67912E+02 1.00000
3.0200E÷13 7.67487E-0I 0.99051

3,3000E+13 1.28808E+03 1.00000
4,0000E+13 2.93597E+03 1.00000
5.0120E+12 3.67877E+02 1.00000
8.0526E+10 5.27685E+01 0.99966
8.2111E÷I0 4.22963E+01 0,99966
1.2467E÷12 2.18055E+04 1.00000
2.0670E÷05 -2.46745E÷00 0.94856

2.8290E+07 -1.40501E+03 0.99999
1,4429E+13 2.15912E÷04 0.99999
2,9910E÷13 4.47018E_04 0,99875
1.1494E+12 2.12881E÷03 0.9729I
3.OqSOE+II 5.79690E_02 0.99904
3.0000E+13 -9,30694E+01 0.76075
2.4093E÷12 4.86093E÷02 0.94654

2.7145E+10 -I.I63A2E_02 0.22119
2.8000E+13 1.71317E÷03 0.99982
3,6150E÷12 -6.91095E+01 0.23804
4.9080E+12 1.18059E+02 0,99993
1.0711E_IS -1,24257E_02 0.32534
7.I410E÷12 -I.OISllEA02 0,22776
2.0000E+13 9.62074E*02 1.00000
9.I611E÷09 -5.78988E÷02 0.75153
7.9474E+11 1.68048E+04 1.00000
].2020E÷IZ 7.48752E÷02 1.00000
1.0000E+13 7.92459E÷03 1.00000

5.0000E÷15 1.55090E÷04 0.99571
3.0000E÷13 2.66196E÷03 1.00000

6.I475E_12 5.q5476E÷02 1.O00QO
].O000E+13 1.07260E+05 1.00000
2.0000E÷13 5.72112E_01 0.95329
3.4713E÷13 2.74332E+03 0.98702

5.0120E+13 1.10221E_02 1.00000
1.0086E_08 -4.65289E+00 0,99607
9.6273E÷07 -1.80108E-02 0.92935
6.9682E÷12 8.73049E-01 0.59796

7.3897E÷12 2.55672E÷00 0.64402
1.0978E÷13 2.98404E+00 0.64876
4.1315E÷10 3.63150E+00 0.69547
6.3000E+12 -2.05430E+00 0.08750

3.0220E*11 1.34073E+00 0.98964
2.3232E_II 8.15418E-02 0.99942
2.0000E+15 1.03220E-01 0.99998
4.1606E+12 1.58939E-02 0.99683

7.9180E+13 2.94804E+02 0.99998
1.0566E÷11 2.13530E-02 0.99945
1.3736E*13 2.81270E-01 0.99998
2.0000E+13 7.41212E-01 0.99244



TABLE E.2.--Continued.

(i) Continued.

DERIVATIVES (CGS UNITS), T

MIXTURE MOLECULAR NEIGHT 38.2?592

7.54742E÷07 RH0

TOTAL ENERGY EXCHANGE RATE
(CAL-CM_$/G_2/SEC)

88 1.5842E_08 1.Ol6O7E+Ol 0,86021
89 2.2405E_}3 5.5980qE403 0.99980
90 9.4709EI12 9.$0207EI02 0.99978

91 1,4902E+13 2.92676E+03 0.99981
92 4.8200E+13 -I.22740E+03 0.99222
93 6.6598E+12 5.72921EI04 0.99541
94 6.0311E÷11 4.07214E+02 0.99974

95 1,OOOOE÷I4 2.53104E+03 0.99999
96 1,9950E+14 1.98492E÷0_ 0.99999
97 1.O00OE+14 1,98955E+03 0,99999
9& 1.0000E+15 1,99962E+02 l.O0000
99 2,1761E+15 3.3926_E+03 0.99996

IOO 2.2878E+07 5.61387E+01 0.99291
IOl 3.2695E+11 2.95091E÷04 0.97449

102 2.1731E+11 1,58649E_02 0.99982
105 7,8023E_11 3.75030E+02 0.01331
104 3.4977E+12 1,55084E+05 0.72205
lOS 1.4810E+13 3.46399E+03 0,12636
106 4.3403E+15 7,65113E_02 0.97159
107 3.9203E+13 1.38702E+03 0.97518

108 8.0000E+12 3.59955E+02 D.97485
109 1.0329E+14 1,86113E+03 0,99310
110 1,8067E+11 -1.64242E+01 0,83041
111 4.$077E+12 3.89488E+O0 0.84984
112 1,80OOE+12 S._5280E-Ol 0.83251
113 7.SOOOE+ll 3.25880E-01 0,99896
114 2.2396E+12 2.32146E+02 0.25957
115 1.0753E+13 2.90117E+03 0.11457
116 1.8621E+15 3.56669E_03 0.94458
117 I.O133E_04 -1.71692Et02 0.99860

110 3.4325E+15 1.$2785E+02 0.99862
119 1.58_5E+04 -I.13OlOE+O1 0,99842
120 2.9554E+02 -3,15872E+00 0.99505

O.OOOOOE+OO

-8.08370E+O9 HASS FRACTION SUM 1.00000002

COMPUTER TIME ICPU) REQUIRED= FOR THIS STEP - 2.OS4O0OE+0I S UP TO THIS TIHE - 8.349001E+01 S

_N_W SENSITIVITY CALCULATIONS xxXxx

TIME = 3.02811D-04

SENSITIVITY COEFFICIENTS OF D-0RDER TIME DERIVATIVE OF DEPENDENT VARIASLE5

_wX_ SENSITIVITY TO INITIAL CONDITIONS w_

OZ(1)/DYZERO[J)_F(J)/Z(I), NHERE Z¢I) = O-ORDER TIME DERIV. OF Y(1), I=COLOMN, J=RON
F(J)= YZERO(JI FOR YZERO(J) NOT EQUAL TO O

= 1.OE-4/{INITIAL MHT) FOR TZERO(J) = O

PARAMETER

C6H6
OH
AR
TEMP
DENSITY

CDH6 C6HS HZD CO C2N2 C6HSOH CSH6 TEMP PRESSURE

-_.595D+01 -2.848D+01 8.699D+00 9.8449+00 -2.8759+01 -4.749D+01 -4.410D÷01 3.063D+00 3.5240+00
-6.8840+00 -4,$580+00 1.1570÷00 1.SO60eOO -4,3760+00 -6.901D+00 -6.4749+00 4,239D-01 4.0300-01

6.8240+01 4.281DtOI -1.129DtOl -I.290D+O1 _.337D+01 6.916D+01 6.4810+0I -4.3010*00 -4.069D+DO
-2.0490_05 -1,291D+05 3,4329+02 3.8829+02 -1.$OSD+O3 -2.056D+03 -1.9280+05 1.2649t02 1.442D+02
-l.173U*02 -7,3820+0! _.9729+01 2.2230+01 -7.4510+01 -1.171D+02 -l.lOSO+02 7.2389+00 9.2540_00
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TABLEE.2.---Concluded.
(i)Concluded.

REAC

NORHALIZED SENSITIVITY COEFFICIENTS H.R.T THE PREEXPOHENT1AL

DZ(I)/DA(J)_A(J)/Z(I) HHERE Z(I) = O-ORDER TIHE DERIV. OF

NUM C6H6 C6HS

-S.69ZDtOI -3.595D+D12.0SDD_OO 1.345D+00
3 1.7590÷D0 5.978D-DZ
4 -7.968D-01 -3.372D-01
3 1.277D÷01 7.873D+DO
6 -2.174D_D1 -1.315D+01
7 -1.1620-02 -8.334D-03
S -6,D44D+OI -3.803D_01

1D 2.765D-D1 1.7D&D-D1
11 1.3649-D1 -1.7549-01
12 4.142D+01 2.6D9D÷D1
13 1.30OD_OO 9.419D-D1
14 7.B6OD-Ol 5.DO10-O1
15 2.395D_DD 1.508D+DO
16 -1.962D_01 -I.235DtDl

17 -3.337D*01 -2.D97OtOI
18 1.9030÷01 1,2039*01
19 2.322D+00 1.459D*00
20 D.DOODeOD D,OOODtO0
21 .-6.941D÷DD -4.292Dt00

101 -I.206D_DQ -8.0379-01
104 -2,7280+01 -1.694D÷01

116 -2.016D+QQ -1.259D+00

COflSTAtOS NN_

Y(I), I=COLUHt4, J=RON

H2Q CO C2H2 C6HSOH CSH6

9.53_D+OD 1.078D+OI -S.610D÷O1 -5.691D+01 -5.537D*01
-3.4680-D1 -4.D16D-O] 1.203D*00 2.045D+OD 1.9D4DtOO
-2.339D-01 -2.868D-D] 9.14SO-D1 1.413D+00 1.327D+00

1.145D-01 1.345D-01 -4,1020-01 -7.069D-D1 -6.3lID-D1
-2.Z56D+DO -2.527D+00 8.691D÷00 1.368D+01 1.290D,D1

3.6OOD+DO _.D73D÷O0 -1.337D+01 -2.139D+0] -I.989DtDI
2.378D-03 3.053D-03 -1.203D-D2 -5,060D-03 -8,083D-03
1.OISD+D1 1.15DO+01 -3.853D_01 -6.1D1D_OI -5.64_O+01

-4,691D-02 -S.283D_D2 1.771D-D1 2.6119-01 2.641D-01
-3.387D-D2 -4.276D-D2 2.247D-01 2.255D-01 2.246D-01

-6.934D+DD -7.662D÷OD 2.635D+01 4.157D÷01 3.890D+DI
-2.518D-OL -2.830D-01 9.628D-01 1.513D÷OD 1.424D+00
-1.329D-D1 -1.462D-01 5.D6DD-DI 7.250D-01 7.140D-01
-4.0299-01 -4.S53D-D1 1.523D÷00 2.AOAD+DD 2.233D_OD

3.3D6DtDD 3.735D÷DD -1.2_OD+DJ -1,971Dl-Ol -1.857D,01
5.645D_00 6,378D_DD -2.122D÷D1 -3.367D+D1 -3.16DD+OI

-3.0930÷DQ -3.509D+00 1.2189+01 1.799D_01 1,738D+01
-3.969D-01 -4.562D-01 1.473D+00 2,352D+00 2,207DtOD

D,OODD_DO O.O00D+O0 Q.OODD_DD O.DOQDeOO D.OOOD_O0
1,251D*OD 1.428D+00 -S.922D+DO -7.$559tD0 -7.247D+DO
I.DD1D-DI 3.8699-01 -7.953D-D1 -1.1620+D0 -1.IZOD*DO
4.551D+DO 5.117D+DD -1.754D÷01 -2.693Dt01 -2.555D÷01
3.413D-D1 3.846D-01 -1.266D+DO -2.OTOD+OD -1.938D+00

TEHP PRESSURE

3.4949_00 3.988D+00
-1.2839-01 -3,466D-DI
-9.098D-02 -1.042D-D1

4.205D-02 4.824D-D2
-8.285D-01 -9.A45D-DI

1.316D_00 1.SD2D÷OD

8,672D-D4 1.01DO-03
3.722Dt00 4.249D_00

-1.7209-02 -1.962D-02
-1.5240-02 -1.692D-02
-2.551D+OD -2.911D_OD
-9.217D-DZ -1.051D-OI
-4.8030-02 -5.471D-02

-1.478D-01 -1.687D-01
1.2I_DIOD 1,38_D+DO
2.071DtOO 2.363D+DO

-1.142D_DD -1.SDSD+OO
-].464D-D1 -1.67DD-O1

D.O000_OO D.DOOD+O0

4.655D-Dl 5.3DSD-OI
8.560D-02 9.564D-02
1.656D_DO 1.890D+00
1.251D-DI 1.427D-01

REAC

NORHALIZED SENSITIVITY COEFFICIENTS H.R.T THE ACTIVATION ENERGIES _w_

OZ(I)/DECJ)_[-R_TO/Z(II]o NHERE Z(I)= D-ORDER TIME DERIV. OF T(I), I=COLUMN, J=ROH

NUH C6H6 C6H3 HZO CO C2H2 C6HSOH CSH6

1 -S.60DD+01 -3.5349÷01 9.382D+00 1.061D+01 -3.553D+01 -5,6OlD+D! -5.252D401
2 2.026D+O0 1.315D+O0 -3,4430-01 -3.963D-01 1.265D÷00 2.O19D÷OO 1.881D+00

3 I.SI7D+DO 6'_089D-Q1 -2.249D-01 -2.3_$9-D1 8.174D-01 1.269D+00 1.189D_OD
4 -7.708D-01 -3.742D-01 1.152D-01 1.341D-01 -4.206D-01 -7.D33D-OI -6.374D-01
5 1.800D+01 7.AZ7D÷OD -2.095D+00 -Z.350D*O0 O.043D+O0 1.266D+01 1.195D+01
6 -2.062D÷01 -1.263D+01 3.425D+00 3.876D*00 -1.277D+DI -2.0369÷01 -1.897D_DI
7 -9.3250-03 -6.572D-03 1.876D-D3 2.380D-03 -9.269D-03 -5.282D-03 -6.825D-03
8 -5.752D÷01 -3.620D+O! 9.658D+00 1.094D+Ol -3.665D÷01 -5.796D÷01 -3.382D+01

lO 2.589D-Q1 1.607D-QI -4.302D-D2 -4,958D-02 1.635D-D1 2.624D-01 2.465D-D1
11 1.394D-D1 -9.19_D-D2 -3.102D-D2 -3.853D-02 1.8579-01 8.022D-01 1.9ODD-D1
12 3.966D+01 2.498D+01 -6.659D+OD -7.527D+OD 2.523D+01 3.979D÷01 3.726D+01
13 1.497D÷00 9.403D-01 -2,512D-OI -2.824D-DI 9.596D-D1 I.SOOD÷O0 1.AI9D+O0
14 6.766D-DI 4.3OLD-D1 -1.142D-01 -1.261D-DI 4.331D-01 6.332D-DI 6.167D-D1
15 2.290D+DO 1.4420+00 -3.852D-01 -A.353D-DI 1.A56D+DD 2.299D+DO 2.155D÷DO
16 -1.901D÷D1 -1.197D+01 $.202DeQO 3.6169+D0 -1.209D+O1 -1.909D÷OI -1.797D+01
17 -3.128D_01 -1.967D÷01 3.286D+DO 3.973D+00 -1.99DD_O1 -S.]5_O+O1 -2.966D÷DI
18 1.7360+01 L.O98D+Ol -2.836D+00 -3.213D+00 1.107D+O1 1.659D+01 1.S91D+O1
19 2.121D+DO 1,332D÷OO -3.620D-01 -A.IOSD-01 1.345D÷OD Z.147D+O0 2.013D+00
20 O.DOOD÷OO O.DOOD+OO D.OOOD÷DO D.ODOD+O0 O.ODOD÷OD O.OOOD÷O0 O,DOOD÷DO

21 -6.596D+00 -4.092D+00 1.172D+OO 1.335D÷00 -3.860D+DO -6.916D÷DO -6.737D+DO
lOl -_.03SD_OD -6.820D-D1 1.647D-01 1.651D-D1 -6.770D-01 -1.DDTD+O0 -9.656D-01
104 -2.491D+01 -1,553D+01 4,158D+OD 4,680D+OD -1.582D+01 -2.465D+D1 -2,333D+01
116 -1.955D+DO -I.224D+DO 3.305D-OI 3.726D-01 -1.233D+00 -1.996D+DO -l.871D+O0

TEHP PRESSURE

5.4399_0D 3.9250+00
-1.266D-01 -I.AA7D-DI
-8.D98D-02 -9.270D-02

4.233D-02 4.8509-02
-7.6939-03 -8,771D-01

1.2530_0D 1.450D_O0
6,852D-04 7.957D-D4
_.543D_00 4.D44D_DD

-1,607D-02 -1.833D-02
-1.343D-02 -1.499D-02
-2.442D*00 -2.787DeDO
-9.193D-02 -I.049D-O1

-4.135D-02 -4.711D-02
-I.41_D-DI -1.6139-01

I.I75D+OD 1.341D+OD
1,940D_O0 2.213DeOD

-].O_SD_O0 -1.192D+00
-1.335D-01 -1.5220-01

D.ODDDeDD D.DOODeO0

4.$49D-01 4,958D-D1
7.220D-02 6.D669-02
1,515D÷00 1,730D+O0
1.2lID-D1 1.3_2D-01

(LSENS} EI4D OF THIS CASE

SUHHARY OF COMPUTATIONAL HORK REQUIRED FOR PROBLEM=

TOTAL NO. OF STEPS - 247

TOTAL NO. OF DERIVATIVE EVALUATIONS - 385
TOTAL NO. OF JACOBIAN EVALUATIONS - 44
TOTAL CPU TIME - 1D3.$89999 S

NORK REQUIRED OY SENSITIVITY ROUTINE,

NO. STEPS = Z_7
NO. FUNC. EVAL. = 247
NO. JAC. EVAL. = 247
TOTAL REAL SPACE USED = 16824
TOTAL INTEGER SPACE USED = IZA

TOTAL CPU TIME (INCLUDING I/O) REQUIRED : 100.609993 S

(LSENS) READ DATA FOR NEXT CASE
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